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Abstract
Eira Poikonen. Epidemiology of Candidemia in Finland. National Institute for 
Health and Welfare (THL), Research 54/2011. 115 pages. Helsinki, Finland 2011.
ISBN 978-952-245-447-8 (printed), ISBN 978-952-245-448-5 (pdf)
Background and aims. Candida species are an important cause of nosocomial 
bloodstream infections (BSIs) in hospitalized patients worldwide, with associated 
high mortality, excess length of stay and costs. Main contributors to candidemias are 
intensive treatments, complex gastroenterology surgery, prolonged and profound 
immunosuppression, invasive monitoring and broad spectrum antibiotic treatments 
leading to an increasing number of susceptible patients. The rank order of causative 
Candida species varies over time and in different geographic locations. The aim of 
this study was to obtain information on epidemiology of candidemia in Finland, 
to identify trends in incidence, causative species, and patient populations at risk 
as well as the contribution of fluconazole consumption and prophylaxis policies 
in tertiary care centers (TCCs) to the epidemiology of these infections. In order 
to reveal possible outbreaks and assess the value of one molecular typing method, 
restriction enzyme analysis (REA), in epidemiological study, we analyzed C. albicans 
bloodstream isolates in Uusimaa region in Southern Finland during eight years.   
Methods. All microbiology laboratories in Finland have reported all bacterial and 
fungal isolations from blood to the National Infectious Disease Register (NIDR) since 
1995. The data from NIDR were used to assess the incidence and epidemiological 
features of candidemia cases during two separate periods during 1995–1999 and 
2004–2007. Data on fluconazole consumption in Finland was obtained from 
National Agency of Medicines (currently FIMEA). Infectious diseases specialists 
were interviewed for regional antifungal prophylaxis policies. In Helsinki University 
Central Hospital (HUCH) all patients with blood culture yielding any Candida 
spp. were identified from laboratory log-books during 1987-1998 and during 1999-
2004 from Finnish Hospital Infection Program (SIRO). Patient characteristics and 
outcome were assessed through chart review and data from this register. Data on 
fluconazole use were obtained from hospital pharmacy. 
During 1986–1995, all patients with a stored blood culture isolate of C. albicans 
were identified through microbiology laboratory logbooks for epidemiologal typing. 
Place of treatment and patients characteristics were identified through chart review. 
Stored C. albicans isolates were genotyped with REA (using two enzymes) in the 
National Institute for Health and Welfare (former KTL).  
Results. During 1995–1999 the annual incidence of candidemia in Finland 
increased from 1.7 to 2.2 per 100,000 population. The incidence rose in men 16–65 
years of age. C. albicans accounted for 70% of cases without a change in proportion. 
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Compared to the 1990s, during 2004–2007 the average annual incidence rate was 
higher, 2.9 per 100,000 population, (range by year 2.6–3.1), without increasing 
trend. The incidence was highest in males >65 years of age, but incidence rates for 
patients <1–15 years were lower than during 1990s. C. albicans accounted for 67% of 
cases, while C. glabrata ranked the second. The crude case-fatality rate in one month 
varied between 28–32% during 2004–2007. Fluconazole consumption increased 
in Finland from 19.57–25.09 defined daily doses (DDDs) per 100,000 population 
during 2000–2007. Fluconazole prophylaxis was routinely used in patients treated 
for acute leukemias, liver transplant recipients, and in premature infants.
In HUCH the annual incidence varied from 0.26 to 0.59 per 10,000 patient 
days, without any trend. The most common species was C. albicans (65%), while C. 
parapsilosis ranked the second (13%) and C. glabrata the third (9%). The proportion 
of C. albicans decreased from 71% to 58%, while the proportion of C. glabrata 
increased from 3% to 14% during observation. Patients treated in intensive care 
units increased from 27% to 44%, associated with surgical patients and newborns. 
The one-month case fatality ranged between 30–33%. 
REA differentiated efficiently between C. albicans blood culture isolates, and 
demonstrated highly reproducible DNA patterns among consecutive isolates from 
the same patient. No clusters or endemic subtypes were observed in the seven acute 
care hospitals involved, despite of abundant transfer of patients among them. 
Conclusions. The incidence of candidemia in Finland is globally relatively low, but 
increased between between 1990s and 2000s. In HUCH the incidence of candidemia 
remained low and constant, but a significant shift in patient-populations at risk was 
observed, associated with surgical and intensive care patients. Candida spp. are an 
important cause of nosocomial blood stream infections in Finland, and continued 
surveillance is necessary to determine the overall trends and patient groups at 
risk, and reduce the impact of these infections in the future. The predominating 
causative species in Finland and in HUCH is C. albicans, but the proportion of 
C. glabrata increased considerably. The fluconazole consumption increased in all 
five TCC regions in Finland, and systematic fluconazole prophylaxis was used in 
traditional high-risk patient groups. The possible role of antifungal prophylaxis with 
fluconazole in the shift of patient populations at risk and in causative Candida spp. 
should be addressed in the future. The crude case fatality proportion by one month 
was constantly high. Considering this and the difficulties in administering early and 
adequate antifungal therapy, better measures of prevention will offer better options 
to reduce candidemia associated mortality. Epidemiological typing of C. albicans 
did not show any clusters or endemic subtypes in the hospitals involved. Molecular 
methods provide an efficient tool for investigation of suspected outbreak and should 
be available in the future in Finland, also.
Keywords: candidemia, invasive candida infections, epidemiology, molecular typing, 
outcome, Candida spp., C. albicans
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Tausta ja tavoitteet. Kandidahiivat ovat merkittäviä sairaalahoitoon liittyvien ve-
riviljelypositiivisten infektioiden aiheuttajia maailmanlaajuisesti. Kandidemia pait-
si pidentää sairaalapotilaiden hoidon kestoa ja siten lisää kustannuksia, myös lisää 
kuolleisuutta. Kandidemialle ovat alttiita eryisesti potilaat, joiden puolustuskyky 
infektioille on alentunut vaikean perussairauden, immuunipuolustusta lamaavien 
hoitojen, tai vaikeiden invasiivisten toimenpiteiden, leikkausten ja monitoroinnin 
vuoksi. Myös keskosuus ja laajakirjoinen bakteerilääkitys altistavat kandidemioille. 
Yleisin aiheuttaja maailmanlaajuisesti on Candida  albicans, mutta pääasiallinen hii-
vapatogeeni vaihtelee eri aikoina ja eri maissa ja keskuksissa. Vaikkakin suurimmas-
sa osassa kandidemioita aiheuttaja on peräisin potilaan omasta mikrobistosta, on 
myös sairaalaympäristöstä peräisin olevia epidemioita kuvattu. 
Tämän tutkimuksen tarkoituksena oli selvittää kandidahiivojen aiheuttamien 
veriviljelypositiivisten infektioiden ilmaantuvuutta, aiheuttajalajeja ja kuolleisuutta 
sairaalapotilailla Suomessa. Lisäksi tutkittiin, mitkä potilasryhmät näitä infektioita 
sairastavat ja mikä vaikutus hiiva-antibiootti flukonatsolin käytöllä sekä yliopistos-
airaaloiden flukonatsoliprofylaksikäytännöillä on kandidemioiden ilmaantuvuuteen 
ja aiheuttajakirjoon. Helsingin-Uudenmaan alueen sairaaloissa hoidetut C. albican-
sin aiheuttamat kandidemiat tutkittiin kahdeksan vuoden ajalta ja laboratorion näis-
tä potilaista tallentamat hiivakannat tutkittiin epidemiologisella tyypitysmenetel-
mällä.   
    
Menetelmät. Suomen valtakunnallisesta tartuntatautirekisteristä (NIDR) selvitettiin 
potilaat, joilta veriviljelyssä oli kasvanut kandidahiiva vuosilta 1995–1999 ja 2004–
2007. Tartuntatautirekisteriin ilmoitettujen tietojen perusteella voitiin laskea kandi-
demioiden ilmaantuvuus eri ikäryhmissä ja eri yliopistosairaala-alueilla Suomessa. 
Tapauksiin liittyvä kuolleisuustieto kuukauden kuluttua infektion toteamisesta oli 
saatavilla vuosille 2004–2007. Lääkelaitokselta (nykyinen FIMEA) saatiin tiedot flu-
konatsolin käytöstä yliopistosairaala-alueittain vuosilta 2000–2007. Kunkin viiden 
yliopistosairaalan infektioerikoislääkäri haastateltiin puhelimitse ja selvitettiin flu-
konatsolin käyttö sieni-infektioiden estolääkityksenä eri potilasryhmissä sekä lap-
si- että aikuispotilailla.  
Helsingin Yliopistollisen Keskussairaalan (HYKS) kandidahiivojen aiheutta-
mat veriviljelypositiiviset infektiot selvitettiin mikrobiologian laboration raport-
tien perusteella vuosilta 1987–1998 ja valtakunnalliseen sairaalainfektio-ohjelmaan 
(SIRO) kerättyjen tietojen perusteella vuosilta 1999–2004. Kliiniset tiedot hoitopai-
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koista, leikkauksista, ja vierasesineistä kerättiin potilasasiakirjoista vuosilta 1987–
1998, vuosilta 1999–2004 käytettiin vain SIRO-rekisteriin kerättyjä tietoja. Lisäksi 
selvitettiin HYKS:n hallinnosta hoitopäivien määrä tutkimusajalta ja sairaala-aptee-
kista flukonatsolin käyttömäärät vuosilta 1991–1999 ja 2003–2004. Mikrobiolo gian 
laboratoriosta selvitettiin otettujen veriviljelyiden määrät ja elinsiirtoja ja luuytimen 
tai veren kantasolusiirtoja tekevistä yksiköistä tehtyjen elinsiirtojen määrät tutki-
musajalta. 
Mikrobiologian laboratorion raporttien perusteella poimittiin potilaat, joiden 
veriviljelyssä oli kasvanut C. albicans hiiva vuosina 1986–1995. Tutkimukseen va-
littiin ne potilaat, joiden hiivakanta oli talletettu ja joita oli hoidettu Helsingin-Uu-
denmaan alueen sairaaloissa. Potilasasiakirjoista kerättiin kliiniset tiedot ja potilaita 
hoitavat osastot. Tallennetut C. albicans -hiivakannat tutkittiin Terveyden ja Hyvin-
voinnin Laitoksen (silloinen KTL) laboratoriossa genotyyppiin perustuvalla tyypi-
tysmenetelmällä, restriktioentsyymianalyysilla (REA). 
Tulokset. Kandidemiat lisääntyivät tutkimusaikana: 1995 todettiin 1,7 tapaus-
ta/100 000 asukasta ja 1999 2,2 tapausta/100 000 asukasta. Tapaukset lisääntyivät 
erityisesti 16–65-vuotiailla miehillä. Candida albicans aiheutti 70 % kandidemiois-
ta. Vuosien 2004–2007 aikana ilmaantuvuus ei noussut, mutta oli korkeampi kuin 
1990-luvulla, keskimäärin 2,9 tapausta/100 000 asukasta (vuosittainen vaihtelu 2,6–
3,1/100 000). Ilmaantuvuus 2000-luvulla oli korkein >65-vuotiailla miehillä, mutta 
nuorilla <1–15-vuotiailla tapauksia oli vähemmän kuin kuin 1995–1999. Pääasialli-
sin aiheuttaja oli edelleen C. albicans, osuus 67 %,  mutta C. glabratan osuus lisääntyi 
niin, että 2000-luvulla se oli toiseksi yleisin hiivasepsisten aiheuttaja. Potilaiden ko-
konaiskuolleisuus kuukauden kuluttua infektion toteamisesta oli 35 % (vuosittainen 
vaihtelu 32–38 %) vuosina 2004–2007. Flukonatsolin käyttö lisääntyi Suomessa niin, 
että vuonna 2000 se oli 19,57 DDD (defined daily dose)/100 000 asukasta ja vuonna 
2007 25,09 DDD 100 000 asukasta. Flukonatsolia käytettiin rutiinisti lähes jokaises-
sa yliopistosairaalassa hiivainfektioiden estolääkityksenä akuuttia leukemiaa sairas-
tavilla, maksansiirtopotilailla ja keskosilla. 
HYKS:ssä vuosittainen kandidemioiden ilmaantuvuus vaihteli välillä 0,26–0,59 
tapausta/10 000 hoitopäivää eikä merkittävää lisääntymistä todettu. Yleisin aiheutta-
ja oli C. albicans (osuus 65 %), toiseksi yleisin oli C. parapsilosis (osuus 13 %), ja kol-
manneksi yleisin oli C. gblabrata (osuus 9 %). C. albicansin osuus väheni, sillä vuo-
sina 1987–1992 se aiheutti 71 % tapauksista ja vuosina 1999–2004 58 %, kun taas C. 
glabratan osuus lisääntyi ollen 3 % vuosina 1987–1992 ja 14 % vuosina 1999–2004. 
Teho-osastoilla hoidettujen ja varsinkin kirurgisten potilaiden osuus lisääntyi, sa-
moin kuin vastasyntyneiden (keskosten) osuus. Potilaista kuoli 30–33 % kuukauden 
kuluessa infektiosta. 
REA erotteli hyvin veriviljelyistä todetut C. albicans kannat, ja pystyi toisaalta 
osoittamaan samasta potilaasta otetuissa toistetuissa näytteissä identtisen kannan. 
Ryvästymiä tai epidemioita ei todettu huolimatta siitä, että potilaita siirrettiin usein 
akuuttisairaalasta ja hoitopaikasta toiseen.  
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Johtopäätökset. Kandidahiivojen aiheuttamien veriviljelypositiivisten infektioi-
den määrä Suomessa on maailmanlaajuisesti katsottuna pieni, mutta se on lisään-
tynyt 2000-luvulla 1990-lukuun verrattuna. HYKS:ssä kandidemioiden määrä ei 
18 vuoden aikana lisääntynyt, mutta tapauksia ilmaantui seurannan aikana use-
ammin teho-osastoilla hoidetuille potilaille, kuten kirurgisille potilaille ja keskosil-
le. Kandidalajit ovat edelleen Suomessa merkittävä veriljelypositiivisten infektioi-
den aiheuttaja, joten myös tulevaisuudessa näiden infektioiden ilmaantuvuuden ja 
aiheut tajalajien seuranta on tärkeää. Kandidemioille alttiit potilaat ja potilasryhmät 
on pyrittävä tunnistamaan, jotta infektioiden torjuntatoimia tehostamalla voidaan 
vähentää niiden aiheuttamaa tautitaakkaa ja siten estää niiden aiheuttamaa kuol-
leisuutta. Siitä huolimatta, että C. albicans on edelleen kandidemioiden pääasialli-
sin aiheuttaja, C. glabratan merkitys on lisääntynyt. Flukonatsolin käyttö lisääntyi 
kaikkien viiden yliopistosairaalan alueella ja sitä käytetään hiivainfektioprofylaksiin 
perinteisten riskiryhmien potilailla. Flukonatsoliprofylaksin merkitys toisaalta kan-
didemioille alttiisiin potilasryhmiin ja toisaalta kandidemioiden lajikirjoon voidaan 
arvioida vasta seurannassa. Potilaiden kokonaiskuolleisuus kuukauden kuluessa in-
fektiosta säilyi vakaasti korkeana. Huomioiden kandidemiaan liittyvä korkea kuol-
leisuus, diagnoosin vaikeudet ja siten antibioottihoidon riittämättömyys tai viiväs-
tyminen, näiden infektioiden ennaltaehkäisy todennäköisesti parantaisi potilaiden 
ennustetta. Epidemiologinen tutkimus C. albicansin aiheuttamista kandidemioista 
ei osoittanut ryvästymiä tutkituissa sairaaloissa. Molekylaariset tyypitysmenetelmät 
ovat tarpeen epidemiaselvityksissä ja sellainen tulisi olla kandidoille käytettävissä 
myös Suomessa. 
Asiasanat: Kandidemia, syvä kandidainfektio, epidemiologia, molekulaariset tyypi-
tysmenetelmät, kuolleisuus, Kandidalaji, Candida
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1 Introduction
Bloodstream infections (BSIs) caused by yeasts of the Candida genus pose a serious 
threat to hospitalized patients worldwide. Candida species are the fourth leading 
cause of nosocomial bloodstream infections in the USA, accounting for 7–10% of 
all BSIs in hospital patients [1–3]. In Europe, Candida species ranks 7th to 8th among 
bloodstream pathogens in hospitalized patients, accounting for 4–6% of BSIs [4, 5]. 
Candidemias considerably prolong hospitalization and increase the use of healthcare 
resources—especially costs—as these infections complicate the care of already 
expensive groups of patients, such as the immunocompromized and critically ill 
[6–8]. The crude and attributable mortality rates associated with candidemias have 
remained high, which suggest that prevention of these infections would improve the 
prognosis of the patients. 
Reported incidences of candidemias vary globally. The incidence rates of 
candidemia considerably increased in the USA during the 1980s and early 1990s [1, 2], 
while through the 1990–2000s the rates appear to remain stable [2]. The incidence 
of candidemia also increased during the 1990s in Canada, Australia and Europe, 
but the reported rates have mostly been lower than in the USA [9–12]. Reasons 
for the rising candidemia rates include improved detection and, more importantly, 
an increase in the patient population at risk, as the use of invasive procedures and 
devices, broad-spectrum antimicrobial agents, advanced life-support and aggressive 
chemotherapy have become more frequent. The risk for candidemias is high in 
patients in the extremes of age (preterm neonates and patients >65 years of age) who 
survive longer with modern treatments. Prior to 1990, candidemias occurred mostly 
in immunosuppressed patients treated for hematological or solid malignancies, but 
the incidence of candidemias has more recently increased among non-neutropenic 
surgical and critically ill patients treated in intensive care units. 
The rank order of causative species differs between countries and over 
time. C. albicans is the predominant causative organism, but an increase in the 
incidence of non-C. albicans species has been observed in several centers [13–15], 
althoug not invariably [16, 17]. The precise distribution of causative species varies 
across countries and units, for reasons which remain unclear, but may be in part 
attributable to differences in underlying diseases treated, the types and intensities 
of treatments and antibiotics used, and other local factors. The emergence of less 
susceptible Candida species is a matter of concern, but the precise role of antifungal 
drug pressure in promoting the shift towards non-C. albicans species remains to be 
defined.   
BSIs caused by Candida species lack special clinical findings and fast sensitive 
diagnostic methods, which can complicate their timely recognition and treatment. 
To avoid delays in the treatment of candidemia thus worsening the prognosis, 
prophylactic, empirical, and pre-emptive antifungal treatment strategies have been 
1   Introduction
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developed. But because the identified risk factors for candidemias are all so common 
among immunocompromised patients and those treated in intensive care units, 
additional meaningful stratification of these factors is needed to identify the best 
targets for various treatment strategies [2, 18]. 
Because the prevalence of risk factors and changes in population demographics 
predisposing to candidemias are increasing surveillance has become essential. 
Studies that include selected hospitals or patient populations not only target the 
defining of risk factors, the distribution of causative species, the antimicrobial 
susceptibility of the pathogen in question, and its nosocomial spread in a preselected 
setting, but also allow for observation over prolonged periods of time. Population-
based studies, on the other hand, permit the calculations of incidence and mortality 
rates. The systematic analysis of possible outbreaks, although a minority, is important 
in defining the mode of transmission and evaluating the control measures and 
monitoring of infection in special areas where infection is a particular hazard. 
  The purpose of this study was to investigate the epidemiology of Candida 
bloodstream infections in Finland and particularly in the Helsinki University Central 
Hospital. With special emphasis on the largest tertiary care center in Finland, we 
could analyze the impact of molecular typing methods in outbreak surveys, and 
evaluate the shift in the patient population at risk and in the distribution of causative 
species over a prolonged period of time. The surveillance data available from 
National Infectious Diseases Register since 1995 enabled us compare the incidence 
rates, regional variation and outcome of candidemias during two separate periods 
in the face of increasing high-risk activities, and thus patient populations at risk for 
Candida blood stream infections.
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2 Review of the literature
2.1 The cause and impact of candida infections 
2.1.1  Candida species 
With more than 200 species that have been described, Candida is ubiquitous. Some 
species are normal habitants of the human microbiological flora of the skin, as 
well as the gastrointestinal, genitourinary, and even respiratory tracts [19, 20] but 
only 10% are known to cause infections in humans [21, 22]. Five most common 
species (i.e., Candida albicans, C. glabrata, C. parapsilosis, C. tropicalis and C. 
krusei) cause 95–97% of human candidemias [2, 3, 23, 24]. The remaining 3–5% of 
Candida bloodstream infections (BSIs) are caused by 12–14 different species, and 
although these are considered rare causes of candidemias, several have occurred 
in nosocomial clusters and exhibit innate or acquired resistance to one or more 
established antifungal agents [20, 24–26].   
Main species causing candidemias possess unique properties that by interacting 
with local factors, may influence the epidemiology of these infections. All five main 
species are capable of forming biofilms in vitro, which confers upon them resistance 
to antimicrobials and host defence mechanisms [27–29]. Dimorphism and 
phenotypic switching in vitro and in vivo may potentiate adherence to and invasion 
of epithelial cells by C. albicans [20, 30]. C. parapsilosis can readily colonize the skin 
and persist in the hospital environment, thus leading to potential nosocomial spread 
by hand carriage [31, 32]. C. krusei is intrinsically resistant to fluconazole and often 
demonstrates decreased susceptibility to other antifungal agents (i.e., amphotericin 
B and flucytosine). C. glabrata, on the other hand, can easily acquire a resistance to 
fluconazole and other azole antifungal agents [2, 15].        
2.1.2  Sources
The primary origin of candidemia has been the subject of debate, with some 
suggesting endogenous while others favouring exogenous acquisition. The most 
important of these is considered as the endogenous acquisition of infection, which 
is implied when candidemia results from a previously colonizing Candida strain. 
Most evidence points to the importance of the patient’s own gastrointestinal flora as 
the source of candidemia [33–40]. In hematological patients antibacterial treatment 
has been shown to promote intestinal colonization by fungi [33]. 
The exogenous origin of candidemia is implied when the causative pathogen 
is acquired from the hospital environment or a human source during a hospital 
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stay [41]. The transmission of exogenous Candida strains may occur through 
direct contact or indirectly via hospital personnel (e.g., hand-carriage of Candida 
strains of healthcare worker (HCW), thus inducing colonization and possibly 
infection [42–46]. The cutaneous (exogenous) origin of candidemia is particularly 
debated in association with C. parapsilosis candidemia and intravascular catheters, 
as well as in patients with extensive burns [13, 47]. The colonization of skin may 
also originate from the gastrointestinal tract, as has occurred in neonates [48]. The 
direct exogenous acquisition of candidemia has also resulted from contaminated 
intravenous solutions and medical devices [29, 49].
2.1.3  Definitions and types of candida infections  
Colonization is defined as the multiplication of micro-organism at body sites of a 
host unaccompanied by clinical symptoms or immune response. Infection implies 
the replication of the pathogen in question in the tissues of a host, causing systemic 
or localized subclinical or clinical adverse reactions [50]. 
Nosocomial BSI is defined as the culture of a recognized pathogen in the 
bloodstream of a patient who has been hospitalized for >48 h, thus an infection 
that is absent or incubating when the patient is admitted to the hospital, in contrast 
to community-acquired BSI [51, 52]. Although >48 h after admission is generally 
deemed indicative of nosocomial acquisition of the infection in question, each case 
must be assessed individually for evidence that links it to hospitalization. Nosocomial 
BSIs may occur as outbreaks when the incidence rates increase above the expected 
or the usually observed rate [53].
The spectrum of diseases associated with Candida species is wide, and while 
superficial candidiasis of the skin and mucocutaneus surfaces are clearly the most 
frequent, candida may also cause life-threatening invasive infections, candidemia, 
and systemic or disseminated candidiasis. Candidemia refers to a condition where 
Candida species are isolated from the blood culture. Candidemia often involves 
disease outside of the bloodstream and frequently associates with a sepsis syndrome 
[54]. In clinical situations, as a rule, one positive blood culture for Candida spp. 
is deemed significant. Disseminated candidiasis, on the other hand, refers to a 
condition where an invasion of Candida is shown by culture or histology results of 
normally sterile tissues with or without candidemia [55]. 
The European Organization for Research and Treatment of Cancer/Invasive 
Fungal Infections Cooperative Group (EORTC) and National Institute of Allergy and 
Infectious Diseases Mycoses Study Group have created an international consensus 
defining invasive fungal infections for immunocompromised patients with cancer 
and hematopoietic stem cell transplants intended for use in the context of clinical 
or epidemiological research [56]. This consensus classifies candidemias by their 
level of certainty for the diagnoses (i.e., as “proven” or “probable”) in association 
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with mycological evidence from clinical specimens and temporally related clinical 
symptoms of infection. 
2.1.4  Public health impact
Candidemia represents a considerable burden in hospitalized patients contributing 
significantly to morbidity, mortality and increased cost and length of hospital stay.  
Morbidity
Candida has emerged worldwide as an important cause of nosocomial BSIs. In 
the USA during the 1980s, candidemias increased, accounting for 7–10% of all 
nosocomial BSIs, yet during the 1990s and 2000s, Candida spp. ranked the fourth 
most common causative pathogen in nosocomial BSIs [1–3, 57–61]. In Europe, 
candidemias increased during the 1990s, accounting for 3–9% of all nosocomial 
BSIs and ranking the seventh to eight most common causative pathogen isolated 
[5, 62–65]. In intensive care patients during the 1990s–2000s, Candida spp. caused 
11–12% of nosocomial BSIs in the USA and accounted for 6–9% in Europe [66–
70]. Candidemias accounted for 7–9% of all BSIs among adult and pediatric cancer 
patients [71, 72]. In HIV-patients, Candida spp. caused 19% of all nosocomial BSIs 
in a study from Italy, but highly active antiretroviral therapy has decreased the 
incidence of nosocomial infections these patiens [73, 74]. 
Mortality
The mortality associated with candidemia is substantial in both children and adults, 
much higher than should be expected to result from the underlying disease alone. 
The reported all-cause mortality has ranged from 30–61% in candidemia patients, 
and its attributable mortality from 5–49% [1, 6, 8, 75–78]. 
Cost and length of hospital stay 
Candidemia has an enormous impact on the utilization of medical resources 
and costs. The largest component of total costs is the prolonged length of stay 
(LOS) in hospital. The increase in total hospital charges were USD 33,604–45,602 
(mean USD 39,000) for an adult candidemia patient, USD 65,058–119,474 (mean 
USD 92,266) for a pediatric patient, and USD 1,374–76,715 (mean USD 39,045) for 
a neonate with candidemia in the USA [8, 78, 79]. Another report from the USA 
calculated an increase in total hospitals charges in the range of USD 6,000–29,000 
per candidemia patient in a mixed patient population and USD 28,000 for a neonate 
with candidemia [6, 80]. A recent report from the USA estimated that each one-
day delay in empirical therapy for candidemia was associated with increased total 
hospital costs of USD 6,392 ± 3,000 during 2002–2004 [81]. A Spanish study reported 
an additional cost of almost EUR 16,000 per patient due to Candida infection in 
2   Review of the literature
22 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
intensive care patients during 1998–1999 [7]. The reported increase in average LOS 
in hospitalized patients with candidemia has varied between 3–22 days and 4–12 
days in intensive care patients [6–8, 75, 79]. 
2.1.5  Surveillance 
Surveillance provides information on the incidence rates and outcome of 
candidemias as well as patterns of antifungal susceptibility of the causative 
pathogens, thus enabling the detection of outbreaks and assessment of the impact of 
prevention strategies and treatment. Surveillance systems differ between countries, 
which complicates the comparison of data they produce. Important issues include 
whether surveillance is active or passive; nationwide, regional or based on selected 
institutions; and statutory or voluntary. Most existing surveillance systems can be 
categorized into population-based or sentinel surveillance programs that target 
either the overall rates and causative pathogens of nosocomial infections (including 
BSIs), only infections caused by Candida species, or special patient groups at risk 
(such as intensive care patients). 
Population-based surveillance 
Population-based surveillance studies were conducted in the USA by the Centers 
for Disease Control and Prevention (CDC) and by the Emerging Infections and the 
Epidemiology of Iowa Organisms (EIEIO) surveillance program during the 1990s. 
Reporting was laboratory based, voluntary, and limited to a certain geographical area 
[23, 82–84]. In Europe, several countries have their own ongoing laboratory based, 
voluntary ,or statutory reporting system of bloodstream pathogens, which provides 
data for population-based incidence rates [17, 64, 85–87]. Also, during 2002–2003, 
a prospective population-based surveillance of candidemia was conducted in the 
greater Barcelona area in Spain [88, 89]. 
Sentinel surveillance 
In the USA, the Surveillance and Control of Pathogens of Epidemiologic Importance 
(SCOPE) is an ongoing project that includes 49 sentinel hospitals geographically 
dispersed throughout the USA and collects data on nosocomial bloodstream 
pathogens and their antimicrobial susceptibility patterns as well as clinical data [3, 
57, 59, 90]. The European Confederation of Medical Mycology (ECMM) executed 
a similar project in 106 institutions in seven European countries during 1997–1998 
[12, 91, 92]. 
Surveillance in intensive care unit (ICU) patients 
In 1970, the CDC established in the USA the oldest ongoing surveillance system, 
National Nosocomial Infections Surveillance (NNIS). A network of sentinel acute 
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care hospitals began to report all nosocomial infections to the NNIS on a voluntary 
basis [21, 67, 93, 94]. In addition to hospital-wide surveillance, three standardized 
protocols were initiated in the NNIS in 1986: the ICU, the high-risk nursery, and the 
surgical patient component. In 2005, the NNIS merged with two other healthcare 
surveillance systems at the CDC, The Dialysis Surveillance Network and the 
National Surveillance of Healthcare Workers, to establish the National Healthcare 
Safety Network (NHSN) [58, 95]. In Europe, a network for data on nosocomial 
infection rates in ICU patients was founded in 1994 by the Hospitals in Europe 
Link for Infection Control through Surveillance (HELICS), continued as part of the 
Improving Patient Safety in Europe project (IPSE), and transferred to the European 
Centre for Disease Prevention and Control (ECDC) in 2008 [69, 96–98]. During the 
1990s, two more limited surveillance programs for ICU patients were executed: the 
National Epidemiology of Mycoses Survey (NEMIS) in the USA and the European 
Prevalence of Infection in Intensive Care (EPIC) in Europe [40, 68, 99–102]. 
Surveillance for microbiological data
Two international programs on the occurrence and antimicrobial resistance patterns 
of yeast pathogens causing bloodstream or other infections (i.e., the SENTRY 
Antimicrobial Surveillance program and the ARTEMIS DISK Global Antifungal 
Surveillance Study) are ongoing. Participating centers are dispersed globally, whereas 
the isolated microbes are tested centrally, thus enabling the direct comparison of 
strains between different geographical areas [103–110]. 
2.1.6  Risk factors  
The list of reported risk factors for candidemia is extensive. Colonization with 
Candida spp. is considered a near-absolute requirement of candidemia (direct 
inoculation excluded), and the risk for infection may be related to the density 
and the extension of yeast colonization over time [111–114]. After colonization 
the main factor predisposing to candidemia is immunosuppression by disease or 
treatment, as in patients with haematological or solid malignancies, HIV patients, 
premature neonates, patients with extensive burns, and patients with transplants 
[47, 74, 115–121]. Thus, the patient groups at risk for candidemia have either severe 
underlying conditions impairing their host defences or are in need of invasive and 
intensive diagnostic procedures and medical or surgical treatments, or both. These 
predisposing factors may also evolve with changes in transplantation practices (e.g., 
new hematopoietic transplantation modalities and the technical complexity of 
surgery in liver transplantation) [122, 123]. 
Several prospective or retrospective cohort or case-control studies have 
identified multiple risk factors for candidemia in addition to prior colonization in 
different patient groups (ICU patients, neonates and patients with haematological 
or solid malignancies). Major risk factors include the use of central venous catheters 
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(CVCs); prolonged neutropenia; receipt of total parenteral nutrition (TPN), multiple 
bacterial antibiotics, or chemotherapy; gastrointestinal perforations and extensive 
abdominal surgery; renal failure or hemodialysis; and mechanical ventilation [35, 
40, 99, 113, 124–129]. Both neutropenia and chemotherapy-induced injury to 
the gut wall increase the risk for candidemia in patients with malignancies, while 
catheters, invasive procedures, and perforation or surgery of the gut wall are more 
important factors in the non-cancer settings. 
Because recognized risk factors are extremely common in the critically ill, 
clinical prediction rules have been created to select high-risk patients for candidemia 
[130–132] and the combinations of variables used include prior colonization, CVC 
or TPN, prior antibiotics, severe sepsis, hemodialysis, and major surgery. 
 Although rare, a study reported a genetic propensity for invasive Candida 
infections in humans: a homozygous point mutation in CARD9, which results in 
decreased numbers of Th17 cells (helper T-cells producing interleukin-17) in one 
family of five generations [133]. 
 
2.2 Diagnosing and typing methods for   
 candidemias 
The diagnostic strategy is to combine clinical signs, individual patient-related risk 
factors, and available laboratory data suggestive of Candida infection. While the 
gold standard for diagnosis is the detection and culture of causative yeast in clinical 
samples, new non-culture methods for earlier diagnosis, such as antigen assays 
and rapid PCR-based methods, are currently or will be in the future in clinical use. 
The investigation of outbreaks relies on molecular methods able to analyze strain 
relatedness. 
2.2.1  Primary diagnosis 
Culture
The fungal culture is the gold standard for diagnosis, but lacks sensitivity as up 
to 50% of blood cultures can be negative or become positive late in the course of 
infection [134, 135]. The detection of Candida spp. in blood culture systems depends 
on several variables, such as the volume of blood, the conditions of the medium and 
the atmosphere, the concentrations of yeast within the bloodstream, and the species 
of Candida in question [136]. Advances in blood culturing techniques to improve 
sensitivity and to reduce the time needed to obtain a positive culture include the 
development of lysis centrifugation tubes and specialized broth media as well as, 
importantly, the implementation of continuous-monitoring automated blood 
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culture systems (Bactec, Becton Dickinson, USA and BacT/Alert, Organon Teknika 
Corp., USA) [134, 136, 137]. 
Immunological and biological methods 
Non-culture or serological methods to detect candidemia and disseminated 
candidiasis are generally based on the detection of circulating antigens or fungal 
metabolites. The clinical usefulness of antibodies has been limited because of false-
positive results in patients with colonization and because immunosuppressed 
patients mostly produce low or undetectable antibody levels [134, 137]. 
Among the numerous potential target antigens, the highly immunogenic 
components of cell-wall antigens mannan and β-D-glucan are the most widely used 
and commercially available [134, 138, 139]. Mannan is the main component of the 
cell wall of Candida spp. and is rapidly cleared from the bloodstream, thus requiring 
regular sampling. Circulating mannan antigens detected with immunoassay, 
performed in parallel with antimannan antibody tests, have yielded a high sensitivity 
of 80% and a specificity of 93% in the diagnosis of candidemia and disseminated 
candidiasis [138]. β-D-glucan is part of the outer wall of many pathogenic fungi 
and is also ubiquitous in the environment, which may generate false-positive results 
[137, 138]. Most medically important Candida spp. (except C. krusei and C. glabrata) 
produce a metabolite known as D-arabinitol, which can be measured in serum and 
urine [134, 140]. The clinical significance of D-arabinitol detection is limited in 
guiding the initiation of antifungal therapy [141]. 
Molecular methods
Molecular methods targeting fungus-specific nucleic acids have been applied directly 
to clinical materials or to the contents of blood culture bottles to circumvent the 
time needed for culture and to increase the sensitivity of detection [134]. The use of 
specific oligonucleotide probes enables identification of an organism to the species 
level and can theoretically detect mixed fungal infections accurately. The amount of 
target yeast DNA available in clinical samples is typically very low, thus techniques 
used for detection necessarily rely on amplification [142]. These techniques include 
polymerase chain reaction (PCR) and nucleic acid sequence-based amplification 
(NASBA). Currently, molecular strategies complement conventional methods and 
are used only in specialty laboratories. 
Target sequences in PCR-based methods may be either species-specific, 
Candida-genus specific, or universal panfungal sequences. The ribosomal RNA 
(rRNA) gene most often serves as the target sequence, with sensitivity ranging from 
78% to 100% for Candida infections while specificities vary [137, 142]. Nested PCR 
increases the sensitivity and specificity of detection, but at the expence of amplifying 
the occurrence of false-positive results [142]. Real-time PCR allows for rapid 
detection of the production of amplicons [142]. NASBA is a specific and sensitive 
RNA amplification technique capable of detecting six various Candida species. 
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Compared to PCR, NASBA detects only living yeast cells and needs no thermal 
cycling instrument, but is more expensive [142].  
   
2.2.2  Species identification 
Most yeasts are identified on the basis of carbohydrate assimilation and fermentation 
tests along with their macroscopic and microscopic morphologic features on 
specialized media [134, 137]. Rapid and less laborious commercially available methods 
have been developed, perhaps the most convenient consisting of fully automated 
system that evaluates an optical signal generated by individual biochemical reactions 
contained within a variety of microbe identification cards (VITEK 2, bioMérieux, 
Inc. Hazelwood, MO) [143, 144]. The addition of chromogenic substrates to the agar 
medium allows the direct detection of spesific enzymatic activities characteristic of 
selected species of Candida by their color and colony characteristics [145].  
Molecular methods based on PCR, as described for the primary diagnosis of 
candidemia, also allow for species identification. Fluorescent in-situ hybridization 
(FISH) may serve to detect yeasts without the need for a pure culture [134, 142]. 
Although FISH is probably less sensitive and requires more time than PCR-based 
methods, it may be more economical as only positive samples are examined. Novel 
peptide nucleic acid (PNA) FISH requires only 2.5 hours after a blood culture is 
designated positive and is able to differentiate C. albicans from non-albicans Candida 
spp. (sensitivity and specificity 100%) as well as from C. dubliniensis [137, 142].
2.2.3  Susceptibility testing 
Antifungal choice is based primarily on Candida spp. identification, but antifungal 
susceptibility tests play an increasingly important role in selecting which agent to 
use. Susceptibility testing also allows for resistance surveillance and comparison 
of the in vitro activity of new and existing agents. Methods used for susceptibility 
testing of yeasts include disc diffusion, agar dilution, and broth dilution procedures. 
Numerous in vitro factors such as media, buffer, inoculum, incubation and end point 
criteria may significantly affect the results [146]. 
In the USA, the Clinical and Laboratory Standards Institute (CLSI; formerly 
the National Committee on Clinical Laboratory Standards, NCCLS) has developed 
standard methods based on broth dilution and disc diffusion to test the susceptibility 
of yeasts [147, 148]. Althoug quality control and minimal inhibitory concentration 
(MIC) breakpoint criteria have been established for most antifungals, there is a 
concern that these methods fail to distinguish amphotericin B-resistant strains. 
[137, 146–148]. In Europe, the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) has developed a standardized broth dilution method for 
the susceptibility testing of yeasts with MIC breakpoint criteria established for 
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fluconazole and voriconazole [149]. Despite of methodological differences, 
these methods generate rather similar and comparable results [150]. Interpretive 
categories differ, however, between CSLI and EUCAST, as CSLI categorizes these as 
susceptible, susceptible-dose dependent, and resistant, while EUCAST assigns only 
susceptible or resistant categories. 
Because these standardized methods are time consuming and laborious, more 
convenient techniques have been developed for routine susceptibility testing. The 
Etest method (AB Biodisk) is widely used and yields accurate, reproducible, and 
quantitative MIC results, but the values tend to be slightly higher than with broth 
dilution methods [151, 152]. Several other methods are commercially available as 
well as fully automated system that determines yeast growth spectrophotometrically 
[146, 150, 153–155]. 
2.2.4  Epidemiological typing methods for candida   
 infections 
Molecular methods enable assessment of the interrelatedness of clinical isolates 
and thus facilitate the tracing of sources and routes of transmission of infection 
outbreaks. A vast array of molecular typing methods is available, based on either 
nonamplifying techniques or those using DNA amplification by PCR, a summary 
of which appears in Table 1. All systems require a pure culture of each isolate, yeast 
cell lysis, DNA extraction, and the use of electrophoresis to separate DNA fragments 
into patterns (fingerprints), which are then visualized by staining or by hybridizing 
with labelled probes [156]. 
Most fungal species display chromosome-length polymorphisms, which can 
be analyzed by electrophoretic karyotyping (EK) [142, 156]. The development of 
pulsed-field gel electrophoresis (PFGE) allows the separation of even extremely large 
DNA fragments and allows for high reproducibility and discriminatory power, thus 
making it currently the method of choice in most outbreak investigations [156]. In 
restriction enzyme analysis (REA) and in restriction fragment length polymorphism 
(RFLP), DNA is cleaved by selected endonucleases into small fragments, which 
are then separated with electrophoresis. RFLP is rapid, easy, and inexpensive, 
but restriction patterns are very complex and difficult to compare [142]. For 
easier comparison, separated fragments can be transferred onto a membrane and 
hybridized with a labeled probe [142, 156]. 
Random amplified polymorphic DNA (RAPD), also referred to as arbitrarily 
primed PCR (AP-PCR), uses arbitrarily chosen primers to amplify nearly 
homologous sequences of genomic DNA. Strains are then differentiated by 
determining the characteristic number and size of the amplified fragments with 
electrophoresis [142, 156]. While RAPD is easy, technically simple and fast, minor 
differences in experimental conditions can result in different profiles, thus reducing 
reproducibility. Amplified-fragment length polymorphism (AFLP) based on the 
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selective amplification of a subset of DNA fragments generated by restriction 
endonucleases, then separated by gel electrophoresis and analyzed [156]. AFLP is 
not only a highly reproducible and robust method, but is also easier to read than 
RFLP. Multilocus sequence typing (MLST) is based on the nucleotide polymorphism 
of internal fragments of six to eight independent chromosomal genes [157]. MLST 
schemes have been developed for five Candida species, and maintained as an open 
platform.
TABLE 1. Comparison of performance characteristics of epidemiological typing methods for 
Candida species (modified from [142, 156]).
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aEK = electrophoretic karyotyping; bPFGE = pulsed-field gel eletrophoresis; cREA = restriction 
enzyme analysis; dRFLP = restriction fragment length polymorphism; eRAPD = random amplified 
polymorphic DNA; fAP-PCR = arbitralily primed polymerase chain reaction; gAFLP = amplified 
fragment-length polymorphism; hMLST = multilocus sequence typing.
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2.3 Epidemiology of candidemia 
2.3.1  Incidence 
The incidence of candidemia has mostly been studied in population-based or in-
hospital settings. Although population-based data are representative of the whole 
population living in the area studied and contribute to a more comprehensive data 
set, inclusion of both inpatients and outpatients, and the lack of selection bias that 
is inherent in tertiary care hospital-based studies, they are expensive and laborious, 
and so are essentially limited to a specific geographical area and time period. Sentinel 
surveillance programs are more flexible, however, and allow sampling of consecutive 
episodes of infection from a large number of institutions over a broad geographical 
area, and for a prolonged period of time [158].
Population-based studies
A summary of population-based studies appears in Table 2. The first population-
based studies reported high average annual incidences between 8.0–7.3 per 100,000 
population in selected urban areas in the USA during 1992–1993 [83, 84]. Subsequent 
studies observed great variation in incidences between urban and rural areas (24 vs. 
7.0–6.0 per 100,000 population) [23, 82]. Also, incidence rates in Canada differed 
across separate areas and increased over time in Calgary [11, 159]. In Australia, 
the annual incidence rate was low (1.8 per 100,000 population) with wide variation 
between different parts of the continent [160]. 
In Iceland, during 26 years of observation, the annual incidence was low but 
rose; in Norway, during 13 years of observation, annual incidence remained low and 
constant at 2.4 per 100,000 population [17, 86, 161]. In Denmark, however, incidence 
rates have been much higher: 11 per 100,000 population, during the 2000s [85, 162]. 
Elsewhere in Europe, reported annual incidence rates have been somewhat higher 
than in Scandinavia, but lower than in the USA [87, 89]. In the UK, the incidence 
of candidemia increased during 2004–2007, but considerable differences have been 
noted between different areas, with rates in Northern Ireland being much higher 
than in Wales or England [87]. 
The highest age-specific incidence rates have been observed in infants <1 year 
of age 75 per 100,000 population in the USA and in Canada, and somewhat lower 
in Europe, 10.3–38.8 per 100,000 population [11, 17, 83, 85, 86, 89]. The incidence 
is low in patients aged ≥1–40 years but subsequently increases with advancing age 
hence the annual incidence in the range of 7.4–36.9 per 100,000 population in 
patients >65 years of age [17, 83, 85, 86, 89]. Male dominance in all age groups is 
common globally, though not constantly [11, 23]. 
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TABLE 2. Summary of population-based studies reporting annual incidences of candidemias and the proportion 















1992–1993 5.34 million 8.0 44–51% [83]
USA/California 1992–1993 2.94 million 7.3 not available [84]
USA/ 1998–2000 4.7 million 10.0  55% [23]
   Baltimore 24.0
   Connecticut
USA/Iowa 1998–2001 not available 6.0 
(5.6–6.8*)
not available [82]
Canada/ 1992–1994 2.22 million 3.3 31% [159]
   Hamilton 5.1
   Ottawa 1.2
   Manitoba 3.5
Canada/Calgary 1999–2004 ~1 million 2.8 49% [11] 
Australia 2001–2004 not available 1.8 53% [160] 2 of 52 
laboratories 
missing 
Norway 1991–2003 ~4.3million 2.4 
(2.0–3.3*)
30% [17] 
Iceland 1980–1999 0.285 million 1.4–4.9* 32% [86]
Iceland 1991–2006 ~0.281 million 3.3–5.8* 38% [161] 
Denmark 2003 2.8 million 11.0 35% [162]
Denmark 2004–2006 3.5 million 10.4 38% [85]
Spain/Barcelona 2002–2003 3.9 million 4.3 49% [89]
UK 2004–2008 not available 3.2–3.6* 35–36% [87] voluntary 
reporting
   England 3.1–3.5*
   Wales 2.7–3.1*
   Northern 
   Ireland
5.0–6.8*
*Range per year. 
7.0
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In-hospital studies
As Table 3 shows, candidemia rates vary according to the characteristics of the 
patient population considered and the type of institution. The comparison of 
rates is complicated by differences in calculated rates (i.e., per patient days or per 
admissions or discharges). Incidence rates are lower in general hospitals than in 
tertiary care centers (TCCs), and are probably best shown as rates per 1,000 patient 
days (incidence densities). 
In the USA, the incidence rates for candidemia and disseminated candidiasis 
rose considerably during the 1980–1990s both in general hospitals and in TCCs, and 
have remained stable, 0.02 per 1,000 admissions, during the 2000s [1, 2, 163–165]. 
In Europe, average annual incidence rates have varied between 0.02–0.07 per 1,000 
patient days or 0.2–0.5 per 1,000 discharges in general hospitals during the 1990–
2000s [12, 89, 92, 166–169]. In 5 TCCs in the Netherlands during 1987–1995, annual 
incidence rose over time from 0.03 to 0.07 per 1,000 patient days, while in 17 TCCs in 
Switzerland the annual incidence remained stable 0.05 per 1,000 patient days during 
1991–2000 [5, 65]. In Europe, many of the reports are from single centers over a 
short period of time and while some of the studies covering a longer period of time 
have observed the increase in incidence [170], others have not [14, 75, 171]. Only 
one center reported a decrease in incidence from 0.2 to 0.1 per 1,000 patient days 
during 2001–2005 [172]. In Australia (Queensland), the average annual incidence 
rose 7.6-fold (from 0.007 to 0.05 per 1,000 patient days) in general hospitals and 
2.9-fold (from 0.03 to 0.1 per 1,000 patient days) in adult TCCs during 1999–2008 
[173]. At 0.4 per 1000 patient days, the observed average incidence of candidemia 
has been higher in TCCs in Brazil than both in the USA or Europe [174, 175]. On 
the other hand, in Taiwan, in one TCC, the incidence of candidemia has been rising 
constantly during 1981–2000 [176]. 
The incidence of candidemia is higher in ICU patients than in general wards, 
but rates vary considerably between institutions and according to predominant type 
of patients receiving care in the ICU (i.e., neonatal, pediatric, and adult medical or 
surgical ICU). In neonatal ICUs (NICUs) the observed rates have been high, 12.3 per 
1,000 admission or 0.6 per 1000 patient days in the USA [40, 100, 118]. In Europe, the 
incidence rates among NICU patients have been lower, 11 per 1,000 admissions or 
0.03 per 1,000 patient days [88, 172]. The reported incidence rates in pediatric ICUs 
(PICUs) have been in the same range (0.02 per 1,000 patient days or 0.6 per 1000 
CVC days) [5, 15]. Reported incidence rates in adult ICU patients have been high, 1 
per 1,000 patient days or 9.8 per 1000 admissions in the USA, but during 1989-1999 
a decreasing rate was observed, varying between the 0.7–0.5 per 1000 CVC days [15, 
100]. In Europe the rates among adult ICU patients have varied greatly from 2.0 to 
6.7 per 1,000 admissions or from 0.03 to 0.2 per 1,000 patient days [5, 14, 172, 177–
179]. In Australia and Taiwan, the reported incidences among adult ICU patients 
have been similar to Europe [5, 14, 172, 173, 177–180]. Reported annual incidences 
for candidemia in cancer centers have varied from 5.2 to 6.0 per 1,000 admissions 
[13, 181]. In hematology units reported incidences have varied from 0.05 to 0.9 per 
1,000 patient days [9, 168, 172, 178]. 
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2.3.2  Causative species 
The most abundant causative species, by far, is C. albicans (Tables 2 and 3), but 
many centers reported a worldwide shift during the 1990s towards non-C. albicans 
species [13–15, 23, 65, 83, 85]. Both population-based and in-hospital studies have 
reported this shift in causative species, yet many studies have observed no change 
in causative species over time [5, 17, 182]. International surveillance studies have 
observed marked geographical variation in the distribution of causative species of 
candidemia, with C. glabrata ranking second and C. parapsilosis third in the USA; 
in Canada and Europe C. parapsilosis ranked second before C. glabrata, and in Latin 
America C. glabrata was rarely isolated [22, 103, 104]. The species distribution also 
differs by demographics and the type of the patient population observed, as C. 
parapsilosis is most abundant in neonates, C. glabrata is observed mostly in adults 
and older age groups and C. krusei in cancer patients [12, 13, 82, 118, 160].
2.3.3  Outbreaks in specific hosts
Outbreaks of candidemia stemming from a single strain are uncommon, but 
several reports have described nosocomial clusters in different patient populations. 
Horizontal transmission from patient to patient or acquisition from the hospital 
environment in ICUs and the bone marrow transplant unit has been documented for 
C. albicans, C. glabrata, and C. parapsilosis strains [44–46, 187–189]. The principal 
mechanism of transmission is most probably indirect contact via HCWs hands, but 
other mechanisms include the contamination of intravenous fluids and medical 
devices [49, 190–192]. 
Outbreaks in neonates
C. parapsilosis has caused several nosocomial clusters of candidemia in neonates. The 
longest observation period has been 12 years, with the domination of a single strain 
of C. parapsilosis in one NICU, while most studies report several strains (genotypes) 
responsible for a short outbreak [193–196]. In one study, the source of transmission 
was liquid glycerine suppositories, and another identified the mecanism as the hand 
carriage of causative strains but the sources have largely remained elusive [193, 196]. 
C. albicans has also caused outbreaks of candidemia in neonates, and one study 
reported hand carriage of the causative strain [197–199]. Two studies have attributed 
outbreaks in neonates to several Candida spp. [200, 201]. Another study associated 
an outbreak with the use of topical petrolatum ointment, while yet another study 
identified retrograde medication syringes contaminated by the causative strain.
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Outbreaks in critically ill and surgical patients 
Candidemia outbreaks in critically ill patients have mostly been caused by C. 
parapsilosis [202–205]. The cause of these outbreaks has probably been multifactorial, 
as seriously ill patients often require invasive ventilation and monitoring, and thus 
frequent contact with HCWs, which facilitate the cross-transmission of causative 
yeasts and magnifies the impact of lapses in hand hygiene [202]. One study identified 
hyperalimentation infusion fluid as a common source of infection [205]. C. albicans 
outbreaks in critically ill patients have been associated with hand carriage of the 
causative strain [206, 207]. One report documents an outbreak caused by a single 
strain of C. rugosa in a burn unit [208]. C. parapsilosis has been implicated in two 
candidemia outbreaks consisting of five and four patients, respectively, in patients 
with prosthetic valve surgery [209, 210]. In the first outbreak in 1984, C. parapsilosis 
was cultured from cardiac bypass equipment, while the second outbreak probably 
stemmed from frequent glove tears during surgery, thus facilitating transmission 
of the yeast to patients. One report revealed the persistence of a single C. albicans 
strain for four years in a surgical ward causing eight candidemias [211]. Short BSI 
outbreaks caused by C. albicans in surgical patients have been associated with 
intravenous fluids or anesthetic agents [212, 213]. 
Outbreaks in patients with hematological or solid malignancies 
Several outbreaks among haematological or cancer patients have been attributed to 
C. parapsilosis and associated with hand carriage of the causative strain in HCWs [41, 
214–216]. One study reported an extensive C. krusei outbreak in the Netherlands 
consisting of 13 patients with candidemia and another 26 patients with colonization 
[217]. The outbreak was polyclonal, but the same genotype of C. krusei was identified 
in 25 out of the 39 patients, while all environmental cultures were negative. A cluster 
of 12 invasive C. krusei infections was detected within 9 months in a hematological 
unit, but nosocomial spread could not be shown [218].  
2.3.4  Outcome
The case fatality ratio or rate (i.e., all-cause or crude mortality) is the ratio of the 
number of deaths from candidemia divided by the number of candidemia cases, 
expressed as a percentage [50]. Mortality rate is the number of deaths in candidemia 
patients divided by the number of individuals in a defined population during a certain 
period of time, such as a year (annual mortality rate), but the term is still often used 
to replace case fatality in the published literature. Reported case fatality ratios differ 
in terms of the observation period they use, thus complicating comparisons. Most 
report in-hospital crude mortality, but case fatalities over one week (7 days) and 
one month (28 to 30 days) are also common in the published literature. Attributable 
mortality refers to deaths directly related to candidemia in contrast to all-cause 
mortality. 
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Studies have reported high all-cause mortality among candidemia patients, 
ranging from 22% to 45% in a series of general hospitals and from 31% to 61% in a 
series of TCCs (Table 3). The case fatality ratios of candidemia have remained high 
during the past three decades despite new antifungals: only one study reported a 
significant decrease over time from 59% during 1980–1984 to 27% (per 30 days) 
during 1995–1999 in Iceland [219]. In matched cohort and case-control studies, the 
in-hospital mortality rate attributable to candidemia has varied between 15–49% in 
hospitalized patients in general, 5–31% in ICU patients, and 10–12% in pediatric 
patients and neonates [1, 6, 8, 75, 76, 78, 220]. The considerable variation in figures 
may exist because, although mortality associated with candidemia is high, this 
condition usually affects patients with severe underlying disease and thus a grim 
prognosis.
The risk factors for death among patients with candidemia include age ≥70 years, 
treatment for hematological or solid tumor, and candidemia caused by C. glabrata, 
C. krusei, or C. albicans [12, 16, 91, 92, 121, 167, 171, 183]. Among hematological 
and cancer patients, additional factors include prolonged neutropenia, allogeneic 
bone marrow transplantation, septic shock, and lack of antifungal prophylaxis, while 
high APACHE II scores in critically ill contribute to high crude mortality [10, 121, 
181, 183, 221]. Regarding treatment, failure to promptly remove CVC and delay in 
the initiation of adequate antifungal treatment have increased crude mortality in 
candidemia patients [75, 115, 222–224]. 
2.4 Prevention and treatment strategies  
2.4.1  Preventive measures and prophylaxis 
Given the substantial excess mortality due to candidemia and the difficulties 
encountered in the early diagnosis and administration of effective antifungal 
treatment, the focus has been on prevention [24, 225]. Three low-tech strategies 
should be the primary approach to reducing the burden of nosocomial candidemia: 
improved hand hygiene, optimal catheter care, and prudent antimicrobial use [2, 
24, 226]. Reducing the duration of neutropenia by using hematopoetic growth 
factors and curtailing mucosal damage resulting from herpes simplex infections are 
suggested options, but both require further study [226]. Considering that candidemia 
arises from endogenous sources, a rational preventive measure would be to reduce 
colonization with chemoprophylaxis. In ICU patients, a nosocomial setup with a 
high level of activity point to difficulties in implementing infection control practices: 
thus decreasing hand contamination of HCWs and strict hygienic practices in using 
invasive monitoring would be best methods. Alcohol-based hand rubs decrease 
hand contamination more effectively than use of soap and water [227, 228]. 
Antifungal prophylaxis should always be considered secondary to the standard 
infection control strategies and should be applied only when the rate of candidemia 
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remains elevated despite the assiduous application of these measures [24]. Antifungal 
prophylaxis has proved effective in decreasing colonization and invasive candidiasis, 
and at least a trend towards a reduction in associated mortality among neutropenic 
patients has been observed, while the benefits and cost-effectiveness of this strategy 
in nonneutropenic patients treated in ICU remain incompletely defined [2, 24, 225, 
229–239]. Also, the issue of selecting for fluconazole- or triazole-resistant strains of 
C. glabrata and C. krusei should be addressed locally when choosing antifungals for 
use in prophylaxis.
The Infectious Diseases Society of America (IDSA) has published guidelines for 
using antifungal prophylaxis in different patient populations, including solid-organ 
recipients, hematological patients, the critically ill, and neonates (Table 4), along with 
the grading of evidence (Table 5) [229]. The Immunocompromised Host Society 
(ICHS), together with the European Organisation for Research and Treatment of 
Cancer (EORTC), the European Group for Blood and Marrow Transplantation 
(EBMT), and the European Leukemia Net have all contributed to the development 
of the European guidelines (the 3rd European Conference on Infections in Leukemia, 
ECIL) for prophylaxis and the management of bacterial and fungal infections in 
hematological patients (Table 4) [240]. Both of these guidelines regard antifungal 
prophylaxis in the primary prevention of invasive yeast and mould infections as 
the standard of care in acute leukemia patients and allogeneic stem cell transplant 
recipients during the neutropenic phase. Antifungal prophylaxis is recommended 
postoperatively for high-risk liver, pancreas, and small-bowel transplant recipients 
[229]. For critically ill adult patients, prophylaxis is recommended only to high-
risk patients (e.g., patients with gastrointestinal surgery, CVCs, broad-spectrum 
antimicrobial agents, and multiple sites of candida colonization) in units with a high 
incidence of invasive candidiasis [229, 241]. In nurseries at high risk for invasive 
candidiasis, fluconazole prophylaxis is recommended to neonates with birth weights 
<1,000g.  
2.4.2  Preemptive and empiric treatment strategies 
Lack of specific clinical findings and slow, insensitive diagnostic methods complicate 
the early recognition and treatment of candidemias, while fungal BSIs have been 
shown to have some of the highest rates of inappropriate initial therapy and hospital 
mortality among all examined etiological agents of BSI [2, 224]. These factors have 
prompted the development of empirical and preemptive strategies for the treatment 
of candidemia. Different definitions exist, but most commonly preemptive therapy 
refers to the early treatment of infection with the use of clinical, laboratory, or 
radiological surrogate markers of disease in a high-risk host before clinical signs 
and symptoms of overt disease develop. Empirical therapy refers to the treatment of 
high-risk hosts who exhibit signs and symptoms of the disease, even in the absence 
of positive cultures or other evidence of disease [2, 242]. 
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Empirical antifungal therapy is the standard of care among neutropenic 
cancer patients with persistent fever despite the administration of broad-spectrum 
antimicrobial agents [229, 240]. Preemptive antifungal therapy triggered by a 
radiological or serum marker has been proposed as a cost-effective substitute for 
empirical antifungal therapy in febrile, neutropenic patients [243]. Early initiation of 
antifungal therapy may reduce morbidity, mortality, and length of stay in critically ill 
patients, but the widespread use of these agents must be balanced against the risk of 
toxicity, costs, and the emergence of resistance. Empirical antifungal therapy should 
also be considered in critically ill patients with risk factors for invasive candidiasis 
and no other known cause of fever [229, 241, 244, 245]. 
CVCs should be removed when candidemia is documented, if logistically 
feasible. The data supporting removal of CVCs are strongest among non-neutropenic 
patients and show that catheter removal is associated with shorter duration of 
candidemia and reduced mortality in adults and neonates [229]. The data on catheter 
removal in neutropenic patients with candidemia are less compelling [246, 247]. 
TABLE 4. Summary of published guidelines for the use of antifungal prophylaxis in different 
patient populations [229, 240]





fluconazole 400mg (6mg/kg) daily (AI)
posaconazole 200mg 3 times per day (AI)
caspofungin 50mg daily (BII)
oral itraconazole 200mg daily (AI)
During induction 
chemotherapy for 
the duration of 
neutropenia
Allogeneic stem cell 
transplant recipients
fluconazole 400mg (6mg/kg) daily (AI)
posaconazole 200mg 3 times daily (AI)
micafungin 50mg daily (AI)
During the period of 
risk of neutropenia
Solid-organ transplant 
recipients   
   Liver (high-risk) (AI)
   Pancreas (BII)
   Small bowel (BIII)
fluconazole 200-400mg (3–6mg/kg) daily




   Adult high-risk 
   patients in units 
   with high 
   incidence of 
   invasive 
   candidiasis (BI)
   Neonates with birth 
   weight <1000g
fluconazole 400mg (6mg/kg) daily 
fluconazole 3–6mg/kg twice weekly (AI)
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fluconazole 50–400mg daily iv/oral (CI)
itraconazole oral solution 2.5mg/kg twice 
daily (CI)
posaconazole 200mg 3 times daily (AI)  
polyene iv (CI)
aerosolized amphotericin B+ oral 
fluconazole (BI)
candins iv: insufficient data
Allogeneic stem cell 
transplant recipients 
fluconazole 400mg daily iv/oral
itraconazole 200mg iv followed by 
oral solution 200mg  twice daily (BI)      
micafungin 50mg daily (CI)
polyene iv (CI)
voriconazole 200mg twice daily 
(provisional AI)
aerosolized lisomal amphotericin 
B+fluconazole (BII)
posaconazole oral: no data
During the 
neutropenic phase
Allogeneic stem cell 
transplant recipients
fluconazole  400mg daily iv/oral (CI) 
itraconazole 200mg iv followed by oral 
solution 200mg twice daily (BI)
posaconazole 200mg 3 times daily (AI)
polyene iv (CI)
voriconazole 200mg twice daily oral 
(provisional AI)
aerosolized liposomal amphotericin 




*IDSA = Infectious Diseases Society of America; ICU = intensive care unit; ***ECIL = European 
Conference on Infections in Leukemia.
Table 4 continues
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TABLE 5. The grading system for ranking recommendations in clinical guidelines [229, 240].
Category; grade Definition
Strength of recommendation
A Strong evidence for efficacy and substantial clinical 
benefit. 
Strongly recommended
B Strong/moderate evidence for efficacy, but only limited 
clinical benefit. 
Generally recommended
C Insufficient evidence for efficacy; optional
Quality of evidence 
I Evidence 1 properly randomized, controlled trial 
II Evidence from 1 well-designed clinical trial without 
randomization; 
or cohort of case-controlled analytic studies (preferably 
from >1 center); 
or from multiple time-series; 
or from dramatic results from uncontrolled experiments
III Evidence from the opinions of respected authorities, 
based on clinical experience, 
descriptive studies, or reports of expert committees
2.5 Candidemia in Finland in light of previous  
 studies 
A summary of previous Finnish studies of candidemia appears in Table 6. Candidemias 
accounted for 4% of nosocomial BSIs in a surveillance study of hospitalized patients, 
although the proportion was higher (6%) in pediatric patients [64, 248]. During 
1980s yeasts (95% Candida spp.) were detected in 0.2% of all blood samples taken for 
culture, and during 1989-1991, candidemia was observed in 1.9% of adult patients 
who underwent abdominal surgery [249, 250]. Candidemia has also been reported 
in 1.3% and 0.3% of adult allogeneic or autologous stem cell transplant recipients, 
respectively, while Candida spp. accounted for 0.4% of episodes of neutropenic 
fever among adults treated for acute myeloid leukemia [251–253]. Fluconazole 
prophylaxis was instituted in only 10% of autologous stem cell recipients. As for 
children, candidemia occurred in 3.4% of stem cell transplant recipients, 70% of 
whom received systemic antifungal prophylaxis [254]. Two studies which specially 
evaluated antifungal prophylaxis and which were executed in hematological patients, 
both found a low rate of candidemia and no evidence of a trend towards non-C. 
albicans spp [235, 255]. 
Reports from Finland have identified two nosocomial clusters of candidemia 
caused by Candida spp. A C. parapsilosis outbreak in one NICU, caused by a single 
strain with decreasing susceptibility to fluconazole, has persisted since 1987 [194, 
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256]. A cluster of invasive C. krusei infections occurred in twelve patients, among 
whom six candidemias were investigated in a hematological ward [218]. This cluster 
was caused by several C. krusei strains: the nosocomial spread could not be shown. 
Hepatosplenic candidiasis was studied extensively among adult leukemia 
patients during 1980–1993 in Finland, while candidemia was diagnosed in only six 
patients [257]. 
TABLE 6. Summary of Finnish studies on candidemias in different patient populations




Hospitals Years Proportion of 
candidemias
Reference






Nosocomial BSIa in 
children
739 HCAc 1999–2006 6% [248]
Adult febrile patients 








685 HUCHd 1983–2002 1.3% [252]








Episodes of neutropenic 






Pediatric stem cell 
transplant recipients
148 HCAc 1986–1996 3.4% [254]
Pediatric hematology 
patientsf 
98 HCAc 2000–2002 1% [255]
Adult acute leukemia 
patientsg





aBSI = blood stream infection; bSIRO = Finnish Hospital Infection Program; cHCA = Hospital for Childrean and 
Adolescents; dHUCH = Helsinki University Central Hospital; eAML = Acute myeloid leukemia; fprophylaxis with 
itraconazole oral solution 5mg/kg daily or fluconazole 5–8mg/kg daily oral/iv; gprophylaxis with fluconazole 
400mg daily since the year 2000.
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3 Aims of the study
 
The purpose of this study was to provide comprehensive data on the population-
based incidence and outcome of Candida bloodstream infections in Finland. 
With special emphasis on the largest tertiary care centre in Finland, the Helsinki 
University Central Hospital (HUCH), we assessed the impact of these infections in 
different patient groups at risk.   
The specific objectives were: 
1. To evaluate trends in BSIs caused by Candida in Finland during two periods 
1995–1999 and 2004–2007 in a population-based (nation-wide) study, and to 
further analyze the characteristics of candidemia cases according to causative 
species and outcome. (I, II) 
2. To evaluate trends and regional differences in fluconazole consumption and to 
describe prophylaxis policies in tertiary care regions in Finland during 2004–
2007. (II)
3. To evaluate incidence rates, causative species, outcome and different patient 
populations at risk for nosocomial candidemia, as well as fluconazole 
consumption at the Helsinki University Central Hospital during 1987–2004. (I, 
III)
4. To investigate the epidemiological value of REA in C. albicans BSIs at the 
Helsinki University Central Hospital during 1986–1995. (IV)
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4 Materials and methods
A short summary of the study methods, time periods and settings of studies I–IV 
appears in Table 7. 
TABLE 7. Overview of the data sources, time periods and patients of the studies. 
Study Data sources Time 
period
Setting Patients or episodes/
isolates





Review of patient charts
1995–1999 HUCH# 86 patients
characteristics and 
outcome
II NIDR* in connection 
with the National 
Population Information 
System
2004–2007 Nationwide 603 candidemia 
episodes 
and outcome
National Agency of 
Medicine 
2000–2007 Nationwide Use of fluconazole






Review of patient charts 
1987–1998 HUCH# 358 patients
characteristics and 
outcome














142 C. albicans isolates
in 130 patients
*NIDR = National Infectious Diseases Register; **SIRO = Finnish Hospital Infection Program; 
#HUCH = Helsinki University Central Hospital. 
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4.1 Surveillance methodology for bloodstream  
 infections of  the National Infectious   
 Disease Register (NIDR) (I–II) 
In Finland (population 5.3 million), the national health care system is organized into 
five geographically and administratively defined tertiary care districts, each with a 
population ranging from 0.72–1.76 million. Since 1995, all clinical microbiology 
laboratories are required to notify all bacterial and fungal isolates from blood, 
including Candida species, to the National Infectious Diseases Register (NIDR), 
currently mostly electronically. Data collected with each notification include the 
date of specimen, isolated microbe, date of birth, sex, place of treatment, and (since 
2004) each individual’s unique national identity code. A case of candidemia was 
defined as a patient with at least one blood culture that tested positive for Candida 
species. Notifications of the same Candida spp. within three months of the first 
diagnostic sample in the same person were defined as one case. Isolation of the same 
species beyond this time period was defined as separate cases. Through each patient’s 
unique national identity number the data collected during 2004–2007 were linked to 
the National Population Information System to obtain a particular patient’s survival 
at 7 and 28 days from the first positive blood culture (Study II). 
4.2 Description of the hospitals, charts review,  
 and case definitions (I, III, IV)                    
Helsinki University Central Hospital (HUCH) is a tertiary care center with 
~1,700 beds serving a population of 1.66 million in Helsinki and surrounding 
areas in Southern Finland. In some specialties, such as stem cell and solid organ 
transplantations, HUCH provides national services. During the study period 1987–
2004 (III), solid organ and allogeneic stem cell transplantation more than doubled 
in HUCH, from 161 per year in 1987 to 372 per year in 2004. Autologous stem cell 
transplantations increased from 11 per year in 1987 to 95 per year in 1997, and 
thereafter until 2004, varied between 89 and 50 per year (III). 
All patients with at least one blood culture that tested positive for Candida spp. 
during years 1986–1999 (I, III) and with stored blood culture isolates of C. albicans 
between November 1986 and May 1995 (IV) were retrospectively identified from the 
microbiology laboratory logbooks. The following data were retrieved from patient 
charts: date of isolation, place of treatment (HUCH and other acute care hospitals 
in the Helsinki-Uusimaa region), type of medical specialty, underlying conditions, 
central venous catheters (CVCs) and bladder catheters in place, cultures taken 
from these catheters, and the outcome (I, III, IV). Nosocomial versus community 
acquisition of infection (I,III) was individually assessed in each case according 
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to criteria proposed by the CDC [51]. Immunosuppressive status was defined as 
cytotoxic therapy, total body irradiation no more than three months prior the onset 
of candidemia, or systemic cortisone (at least 40mg per day at the onset of the 
cortisone treatment) no more than one month prior the onset of candidemia (I, III). 
The number of blood samples for culture in HUCH between 1989–1992 was 
40,079 (range per year, 9,430–10,918), and between 2000-2004 was 95,341 (range 
per year, 17,745–20,063); data were unavailable between 1993–1999. The mean 
number of blood cultures per 10,000 patient days increased by 70% from 200 during 
1989–1992 (range by year, 200-210) to 340 during 2000-2004 (range by year, 320–
370) (III).
The annual numbers of patient days and discharges were acquired from the 
HUCH administration (I, III). 
4.3 Surveillance methodology for bloodstream  
 infections of the Finnish Hospital Infection  
 Program (III)
The Finnish Hospital Infection Program (SIRO) was established at the end of 1997. 
Two surveillance modules have been executed since 1999, including hospital-wide 
surveillance for nosocomial BSIs. Surveillance is active, prospective, and hospital-
wide, covering all patients admitted to departments offering acute care. Blood 
samples are collected according to clinical decision, and no routine surveillance 
cultures are performed on asymptomatic patients. Candidemia data for the HUCH 
during 1999-2004 were obtained from SIRO. Local infection control nurses 
recorded clinical and microbiological data on a standardized case-record form 
sent monthly to the National Public Institute of Health and Welfare (THL) and 
entered into a common database. An episode of candidemia was defined as a patient 
with at least one blood culture that tested positive for Candida spp., notifications 
of the same species within one week after the first diagnostic sample in the same 
patient were also defined as one episode. The nosocomial acquisition of infection 
was defined according to criteria proposed by the CDC [51]. Data collected with 
each notification included each patient’s unique national identity number, age, sex, 
date of admission, date of specimen, specialty, causative micro-organisms, and their 
sensitivity to antimicrobial agents. Of the underlying conditions and possible risk 
factors, type of delivery, whether the patient was newborn, whether a hematological 
or solid malignancy was present, and whether the patient had undergone organ 
transplantation or hemodialysis were recorded, as was the presence of CVC, prior 
surgery and treatment in an intensive care unit (ICU). The outcome at 7 and 28 days 
from the date of the first positive blood culture for each patient was obtained from 
the National Population Information System by the use of unique person identifiers. 
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4.4 Fluconazole consumption and survey on  
 prophylaxis policy (II–III)
The data on total fluconazole consumption as defined daily doses (DDDs) per 
1,000 inhabitants per year during 2000–2007 in Finland were acquired from the 
National Agency of Medicine (II). Data on fluconazole consumption as grams per 
year (intravenous and per oral) in HUCH, available during the periods 1991–1999 
and 2003–2004, were obtained from the hospital pharmacy (III). 
Infectious diseases specialists in the five tertiary care hospitals were interviewed 
by telephone with a structured questionnaire about written guidelines or routine 
practices for fluconazole prophylaxis in their hospital among the following patient 
groups (adults (≥15 years) and children (<15 years) separately): patients with 
hematological or other malignancy, patients treated in ICU, surgical patients, organ 
transplant patients and premature neonates (III). 
4.5 Description of microbiological methods  
 (I–IV) 
Nationwide studies (I–II)
Detection and species identification of Candida isolates were performed in the 
notifying laboratories according to protocols in use in each laboratory. 
Candidemias in HUCH and the Helsinki-Uusimaa region (I, III–IV) 
The blood specimen collection method included obtaining blood in two pairs of 
aerobic and anaerobic bottles (approximately 10ml and 5ml per bottle for adults and 
children, respectively), from two different sites according to international guidelines. 
Yeasts in circulation were detected with the automated blood culturing system 
(BactecTM; BD, Franklin Lakes, NJ, USA; or Bact/ALERTTM, Marcy l’Étoile, France), 
and the organisms were identified according to standard procedures. Blood culture 
bottles in which yeast cells were observed with gram stain were subcultured on 
Sabouraud agar plates. Primary identification of C. albicans was made with a positive 
germ tube test, and the result was confirmed by the detection of chlamydospores on 
cornmeal-Tween agar plates. If the germ tube tested negative or if no chlamydospores 
could be detected, the yeast strain was identified by fermentation tests (in-house 
prepared tube tests), and from July 1997 on by commercial assimilation tests 
(API20C or ID 32 C; BioMerieux, France). 
C. albicans molecular typing (IV) 
Blood culture isolates were stored at -70C in skimmed milk glycerol tubes (prepared 
in house) in the microbiology laboratory. In case of multiple sampling from the same 
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patient, as a rule only the first isolate was stored. Re-identification of the revived 
strains was performed according to the standard protocol in use.
Molecular typing by restriction enzyme analysis (REA) was performed in the 
National Public Health Institute (formerly KTL, currently THL). A single colony 
of C. albicans was selected from a Luria agar plate and grown overnight at 37C 
in 3 ml of YEPD broth (0.3% yeast extract, 1% peptone, 2% glucose) pelleted by 
centrifugation and washed with 1 M sorbitol. The cells were then resuspended in 
100 ml of 1 M sorbitol50 mM KH2PO4 with 3 ml of mercaptoethanol and 20 ml of 
Zymolyase 20T (20 mg/ml in 1 M sorbitol50 mM KH2PO4, ICN Immunochemicals, 
USA). The mixture was incubated at 37C for 2 h. Spheroplasts thus prepared were 
lysed by the addition of 0.5 ml of GES buffer (30 g guanidium thiocyanate dissolved 
in 10 ml 0.5 M EDTA, pH 8 and 10 ml distilled water followed by the addition of 2.5 
ml of 10% W/vol sarcosyl; the total volume is added to 50 ml with distilled water). 
After 20 min incubation at room temperature, 100 ml of 5 M potassium acetate 
was added, followed by incubation on ice for 20 min and the addition of 0.5 ml of 
chloroform-isoamylalcohol (24:1). The upper phase was separated into a new tube 
after centrifugation. The DNA was then precipitated with 0.5 ml of isopropanol and 
washed with 70% ethanol. The DNA was dissolved and stored in TE (10 mM Tris-
HCl [pH 7.5], 1 mM EDTA) at 4C until digestion with restriction endonucleases 
EcoRI or MspI for 24 h at 37C under conditions recommended by the manufacturer 
(Boehringer Mannheim, Mannheim, Germany). Immediately thereafter, the DNA 
fragments were separated electrophoretically on 0.7% agarose gels at 20 V for 20 h. 
The gels were stained with ethidium bromide and photographed. DNA digests of 
12 isolates were run in each gel. For control, a lambda EcoR1/HindIII DNA marker 
(Boehringer Mannheim, Mannheim, Germany) was run in the first and last lane of 
each gel. REA patterns were examined blindly by two of the investigators (JV–V, ES) 
using direct visual comparison of the patterns with the molecular weight standard. 
All samples showing initially similar REA patterns were reanalyzed and confirmed 
through side-by-side comparison. A difference of more than one band in the REA 
pattern was considered as an indication of genetic difference between strains.
4.6 Calculation of incidence and mortality   
 rates and statistical analysis (I–III)
Denominators to calculate age- and sex-specific incidence rates as well as mortality 
rates were acquired from the National Population Information System during the 
periods 1995–1999 (I) and 2004–2007 (II). The average annual incidences were 
calculated by using the total number of cases and population during the study 
periods. To evaluate secular trends, rates of candidemia cases in different age and sex 
groups were calculated for each 6-month period (I) and 12-month period (II). Using 
each patient’s unique national identity number for register linkage, individual death 
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data were acquired for the period 2004–2007 from the same register to determine 
survival at 28 days from the first positive blood culture. The Poisson regression 
model served to assess whether the observed changes in the incidence rates and 
fluconazole consumption were statistically significant. Data were analyzed with Epi-
Info version 6.04 (CDC, Atlanta, Georgia, USA) and SPSS for Windows version 11 
(Chicago, USA) (I-III). Categorical variables were analyzed with the χ2 test using 
Yates`s correction, or Fisher’s exact test as appropriate. Continuous variables were 
analyzed using the Student’s t test or by the Mann-Whitney U test, depending on 
the sample distribution. To compare the case fatality (%) and the proportion of 
Candida spp. in HUCH over time, the 18-year study period was divided into three 
subperiods: 1987–1992, 1993–1998 and 1999–2004 (III). To assess whether there 
was a time trend in the proportion of different Candida species, a generalized linear 
model with log link was fitted to the data (III).
4.7 Ethical aspects 
The Ministry of Social Affairs and Health as well as the Ministry of Education 
and Culture approved the review of the patients’ charts (I, III, IV). The Finnish 
Data protection Authority approved the research use of the SIRO data (III). THL 
authorized the use of NIDR data and the National Agency for Medicines permitted 
the use of the data on fluconazole consumption (I–II).
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5 Results
5.1 Incidence of candidemia (I–III) 
5.1.1  Incidence in Finland (I–II)
The total number of candidemia cases reported to NIDR was 479 during 1995–1999 
and 603 during 2004–2007. The median age of the patients was 59 and 64 years 
(range 0–94 years), respectively, with male dominance (60–56%). 
The annual incidences according to age- and sex-specific groups appear in 
Table 8. The average annual incidence of candidemia increased between the two 
study periods from 1.9 to 2.9 per 100,000 population (during 1995–1999 and 2004–
2007, respectively). The annual incidence increased from 1.7 per 100,000 population 
in 1995 to 2.2 in 1999, but during 2004–2007 varied from 2.6 to 3.1 with no trend. 
According to the five tertiary care catchment areas, the average incidence varied 
between 1.3–2.2 and 2.4–3.9 during 1995–1999 and 2004–2007, respectively. 
During 1995–1999, the average annual incidence of candidemia was highest at 
9.4 per 100,000 population among infants <1 year of age, although this age group 
constituted only 6% of all candidemia cases. During 2004–2007, however, the 
average annual rate in infants <1 year of age was lower. By age and sex, the incidence 
rates increased most between study periods in patients >65 years of age, from 5.2 
to 8.8 per 100,000 population (during 1995–1999 and 2004–2007, respectively), 
particularly in males. The highest annual incidence, 27.3 per 100,000 population, 
was observed in male infants <1 year of age during 1999, while the incidence was 
lowest in patients 1–15 years of age during both study periods. In males aged 16–65 
years, the incidence rose significantly during 1995-1999, from 1.0 to 2.4 per 100,000 
population (P<0.05 by Poisson regression), but during 2004–2007 the increase was 
non-significant. In all age groups the average annual incidence was higher in males 
than in females during both study periods.   
5   Results
50 Research 54/2011
National Institute for Health and Welfare






































































































































































































































































































































































































































































































































































































5   Results
51Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
5.1.2  Incidence in HUCH (I, III)
A total of 364 episodes of candidemia were observed during 1987–2004 (range by 
year, 12–32) in 358 patients. Most (96%) of the infections became evident >2 days 
after hospital admission; 4% were related to a preceding hospital stay. 
Incidences of candidemia by species appear in Figure 1. The average annual 
incidence varied from 0.41 per 10,000 patient-days during 1987–1992 to 0.37 during 
1993–1998 and to 0.44 during 1999-2004 (range by year, 0.26–0.59); no increasing 
trend was detected in annual incidence. The annual incidence of C. glabrata for the 
entire study period increased (P<0.01), while the incidences of C. albicans or non-C. 
albicans spp. as a whole showed no statistically significant trend. 
FIGURE 1. Candidemia incidence per 10,000 patient days at the Helsinki University Central 
Hospital, 1987–2004.
5.2 Patient characteristics and underlying   
 conditions in HUCH (I, III) 
The median age of the patients with candidemia was 50 years (range, <1–89 years) 
and 59% were male; no changes were detected in age and gender distribution during 
1987–2004. The proportion of patients treated in the ICU increased from 24–27% 
during 1987–1998 to 44% in 1999–2004 (P<0.05). This increase was related to both 
surgical patients and newborns representing half of ICU patients. Overall, the 
proportion of surgical patients increased from 43–46% during 1987–1998 to 55% 
during 1999–2004, but this increase did not reach statistical significance (P=0.05). 
The proportion of hematological patients decreased significantly from 21–27% 
to 11%, and patients with solid malignancies from 24–25% to 9% by 1999–2004 
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candidemia in only 2–5% of the patients. Information on a CVC in place was 
available for 347 episodes (95%): a catheter was present in 77–78% of those episodes 
during 1987–1998 and in 72% during 1999–2004. None of the cases had human 
immunodeficiency virus (HIV) infection.
 A summary of patient characteristics and predisposing factors available only 
from chart review in HUCH during 1987–1998 appears in Table 9. At the onset of 
candidemia, all cases had at least one predisposing factor. The main predisposing 
factors were immunosuppressive state or leucopenia and gastrointestinal surgery. 
Biopsy-proven deep Candida infection was rare. 
TABLE 9. Patient characteristics and predisposing factors in patients with nosocomial 
candidemia in HUCH, 1987–1998.
Characteristic or predisposing factor*





Duration of hospital stay prior onset of 
candidemia 
21 days (range 0–165) 17 days (range 0–435)
Bladder catheter 44 (34) 37 (38)
Immunosuppressive state** 58 (45) 44 (46)
Leucopenia*** 26 (20) 23 (24)
Preceding gastrointestinal surgery 50 (39) 28 (29)
Severe trauma 6   (5) 6   (6)
Biopsy-proven deep Candida infection 6   (5) 12   (9)
* one patient can have several predisposing factors; ** defined as cytotoxic therapy or total 
body irradiation 3 months before onset of candidemia or systemic cortisone (dose 40 mg 
daily at onset of cortisone treatment) 1 month before onset of candidemia; *** leucocytes 1 
x 10E9/l and/or neutrophils 0.5 x 10E9/l.
5.3 Causative Candida species (I–III)  
Distribution of Candida species in Finland (I–II)
The most frequent Candida spp. encountered was C. albicans contributing to 335 
(70%) cases during 1995–1999 and 406 (67%) cases during 2004–2007 (Figures 2 
and 3). The proportion of non-C. albicans spp. as a whole remained constant in 
Finland. The most common of these, C. glabrata, increased in proportion from 
9% in 1995–1999 to 19% in 2004–2007, but its proportion did not change during 
either of the study periods. C. krusei decreased in proportion from 8% to 3%, while 
C. parapsilosis remained stable at 5% between both periods of observation. The 
other species identified were C. pelliculosa (5 cases), C. guilliermondii (5 cases), C. 
lusitaniae (4 cases), C. dubliniensis (3 cases), and C. rugosa (1 case). The causative 
Candida spp. was unknown in 14 cases (3%) during 1995–1999 and in 4 cases (1%) 
during 2004–2007, respectively. Two Candida species were reported in 7 (1%) cases 
during 2004–2007. 
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According to the five tertiary care districts in Finland, the proportion of species 
other than C. albicans peaked during 2004–2005 in Turku at 44–42% and in 2004 in 
Tampere at 42%, consisting mainly of both C. glabrata and C. parapsilosis. 
FIGURE 2. Distribution of Candida species in Finland, 1995–1999.
FIGURE 3. Distribution of Candida species in Finland, 2004–2005.
Distribution of Candida species in HUCH (I, III)
A total of 408 isolates were recovered from samples obtained during 364 candidemia 
episodes in HUCH during 1987–2004. Polymicrobial infections accounted for 11% 
(41) of the episodes; two Candida spp. were recovered from three episodes. The 
species of Candida was unknown in 1% of the episodes during 1987–1998 and in 5% 
during 1999–2004. C. albicans (65%) ranked the most common causative species for 
the entire study period, followed by C. parapsilosis (13%), C. glabrata (9%), C. krusei 
(5%), and C. tropicalis (2%). The proportion of C. albicans decreased from 71% (range 
by year, 65–82%) to 67% (range by year, 50–83%) between the subperiods 1987–
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proportion of C. albicans decreased significantly from 69% to 58% between 1987–
1998 and 1999-2004, respectively (P<0.05), while no statistically significant trend 
was detected between the subperiods for non-C. albicans species as a whole. The 
total number of episodes caused by C. glabrata was 31, 19 of which occurred during 
1999–2004; the proportion of C. glabrata increased from 3% during 1987–1992 to 
14% by 1999–2004 (P<0.01), but no other significant trend in species distribution 
was detected. 
5.4 Fluconazole consumption and prophylaxis  
 policies (II–III) 
Total fluconazole consumption in Finland and in the five tertary care districts 
appears in Figure 4. Total consumption increased significantly (P<0.01) from 19.57 
DDDs per 100,000 population in 2000 to 25.09 in 2007 in all five regions. Per oral 
consumption comprised 89% (range by year, 88-90%) of total fluconazole use; the 
rest was parenteral use (II). 
In HUCH, the data on fluconazole use were available for periods 1991–1999 
and 2003–2004. Fluconazole use increased more than six-fold from 22 grams per 
10,000 patient days in 1991 to 145 grams in 2004. Per oral use increased from 6 to 
79 grams per 10,000, and intra venous use from 15.5 to 66 grams per 10,000 patient 
days by 2004 (III). 
FIGURE 4. Use of fluconazole in daily defined doses (DDD) by tertiary care center districts in 
Finland, 2000–2007.
Prophylactic policies in Finnish tertiary care centers (II)
Fluconazole prophylaxis was used in all five tertiary care centers for adult acute 



















































5   Results
55Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
neutropenia, mostly since 2000, and in one center since 2007 (Table 10). In addition, 
in most centers, pediatric patients with acute leukemia received fluconazole 
prophylaxis during neutropenia. Fluconazole prophylaxis was administered to adult 
stem cell recipients in only one center, unlike pediatric stem cell recipients, who 
received fluconazole prophylaxis in most centers. Solid organ transplantations were 
performed in only one tertiary care center, and since 1998, only liver transplant 
recipients (adults and children) received fluconazole prophylaxis beginning 
immediately prior to or during surgery until at least 5 days postoperatively. In four 
of the five tertiary care centers, premature infants received fluconazole prophylaxis 
for two to six weeks or during invasive monitoring. All four centers have used 
prophylaxis since at least 2002–2004. 
No tertiary care center used fluconazole prophylaxis in adult or pediatric 
patients with solid malignancies, intensive care patients or surgical patients.  
TABLE 10. Fluconazole prophylaxis policies in the five tertiary care centers according to 
patient populations at risk. 
Patient group Prophylaxis policy
Adult patients
Hematological patients 
   Acute leukemia during neutropenic phase
   Stem cell recipients during neutropenic 
   phase
Patients with malignancies, ICU* patients 
and surgical patients
Liver transplant recipients 5 days 
postoperatively**
Other solid organ transplant recipients**
Routinely in four centers since 2000, in one 
center since 2007. Written guidelines in 
three centers.
Routinely in one center, written guidelines 
since 2007.
No routine prophylaxis.




   Acute myeloid leukemia during 
   neutropenic phase
   Acute lymphoid leukemia during 
   neutropenic phase
   Allogeneic transplant recipients during 
   hospital stay***
   Autologous transplant recipients during 
   hospital stay or neutropenic phase
Routinely in four centers since 1998-2000. 
Written guidelines in three centers.
Routinely in two centers. Written guidelines 
in one center.
Routinely in three centers since 2000. 
Written guidelines in three centers.
Routinely in four centers since 2000.
Written guidelines in two centers.
Premature neonates 2–6 weeks or during 
invasive monitoring
Routinely in four centers since 2002-2004. 
Written guidelines in two centers.
Patients with malignancies, ICU patients, 
and surgical patients
No routine prophylaxis.
Liver transplant recipients 5 days 
postoperatively**
Routinely since 1998, no written guidelines.
Other solid organ transplant recipients** No routine prophylaxis. 
* ICU = Intensive care unit.
** Solid organ transplantations are performed in only one center.
*** Allogeneic stem cell stransplantations are performed in only three centers.
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5.5 Patient outcome (I–III) 
Outcome in population-based study in Finland during 2004–2007 (II)
Data on outcome were available for 598 (99%) case-patients during 2004–2007, 208 
(35%) of whom died within one month of the first blood culture that tested positive 
for Candida. The case-patients who died were significantly older than those who 
survived (median age, 70 vs. 62 years; P<0.01). The one-month case fatality varied 
by year between 32–38% and by tertiary care region between 31–37%. The average 
annual mortality rate was 0.99 deaths per 100,000 population (range by year, 0.89–
1.08; range by district, 0.91–1.27). 
Oucome in HUCH (I, III)
During 1987–2004, 113 (31%) candidemia patients died within one month of the 
onset of candidemia. Patients who died were significantly older than those who 
survived (median age, 58 vs.45 years; P<0.01), more likely to have had candidemia 
caused by C. albicans than other species (77% vs. 60%; P<0.01), or to have had 
hematological malignancy (27% vs. 15%; P<0.05), and less likely to have stayed in 
an ICU (25% vs. 36%; P<0.05). The overall proportion of one-month case fatality 
remained stable over the three study periods (range per period, 30–33%). Among 
the different patient groups, case fatality increased in patients with hematological or 
solid malignancies, but not in newborns, patients with previous surgery or intensive 
care patients (Table 11). Of the 14 patients with organ transplants, 7 (50%) died 
within one month.
TABLE 11. Case fatality within one month of the onset of candidemia according to underlying 
conditions and risk factors in Helsinki University Central Hospital during 1987-2004
Underlying condition or 
risk factor*
Number of deaths, %
1987–1992 1993–1998 1999–2004 Overall
Preceding surgery
N = 177
20 34% 13 32% 18 23% 51 29%
Stay in the ICU**
N = 120
13 37% 3 13% 12 19% 28 23%
Hematological malignancy 
N =  69
10 37% 12 46% 8 50% 30 43%
Solid malignancy
N = 68
 8 26% 8 33% 5 38% 21 31%
Newborn status
N = 62
 5 26% 0 3 9% 8 13%
Organ transplantation
N = 14
 3 100% 0 4 67% 7 50%
* one patient may have several underlying conditions or risk factors; ** ICU=Intensive care 
unit.
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5.6 Epidemiological typing of C. albicans (IV) 
DNA types were highly dispersed among the study population as 118 distinct DNA 
types were identified among 142 C. albicans strains from 130 patients. As many as 13 
DNA types (codes CA1–CA13) were observed more than once, and 105 DNA types 
(code CAx) were unique. Both restriction enzymes yielded similar results; neither 
was superior in discriminating between DNA types.
One patient yielded a DNA type CA3 and a subtype CA3.1 on consecutive 
blood cultures, and only one patient yielded two DNA types (CAx and CAx) from 
subsequent blood cultures taken four days apart. One patient had two separate 
episodes of candidemia with a time interval of 279 days, and the same DNA type 
CA6 was isolated once during the first episode and twice with a time interval of 33 
days during the second episode of fungemia.
There was no evidence in the typing results, which suggests epidemic clustering 
of the patients. Because of hospital transfers, the data were also analyzed according 
to the unit in which the patient was hospitalized three days prior to the first positive 
blood culture for yeast, but no clusters were detected. The greatest number of 
C. albicans blood culture strains was from the unit for gastroenterologic surgery 
(n = 27) and from the Surgical Hospital (n = 28), which perform most of the solid 
organ transplantations in HUCH. In 3 patients of almost 30 in these units, the same 
subtype was observed, but these candidemia cases were distributed across several 
months and in different bed wards. Despite the abundant patient transfers between 
bed wards and units performing invasive and non-invasive diagnostic procedures 
in HUCH, only one subtype found in 2 of a total of 63 patients was shared between 
different services.
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6 Discussion
This study characterizes the epidemiology of candidemia in Finland during two 
separate five-year periods of nationwide population-based surveillance. Overall, 
annual as well as age- and sex-specific incidence rates were calculated, along with the 
outcome of illness during the latter study period. In addition, fluconazole prophylaxis 
policies in all five tertiary care centers as well as fluconazole consumption in Finland 
were analyzed during 2004–2007. Over 18 years of observation, the incidence, 
predisposing factors, patient characteristics, and outcome of candidemia, as well as 
fluconazole consumption, were studied in the largest tertiary care center (TCC) in 
Finland. The C. albicans blood culture isolates from patients within a defined region 
in Finland were characterized with the molecular typing method. The main findings 
and limitations of this study are dicussed below. 
6.1 Candidemia incidence rates 
6.1.1  Candidemia incidence in Finland 
Our nationwide population-based studies show that the incidence of candidemia 
in Finland is relatively low. During the period 1995–1999, however, we observed a 
consistent year-to-year increase, and the average annual incidence of candidemia 
increased between the periods 1995–1999 and 2004–2007 from 1.9 to 2.9 per 100,000 
population, respectively. Instead, candidemia incidence in Finland remained stable 
during the years 2004–2007. 
The rates we observed are only one third to one fourth of those reported from 
the USA, with most reports ranging from 6.0 to 10.0 per 100,000 population [23, 82–
84] Two of these studies were based on sentinel surveillance implemented in selected 
urban areas, and thus they may not be representative of the general US population. 
Low incidence rates comparable to ours have been reported from Norway and 
Canada [11, 17], with somewhat higher reported from elsewhere in Europe [87, 
89], and considerably higher rates (10.4 per 100,000 population) from Denmark 
[85, 162]. Extended surveillance periods have been reported from Iceland (1980–
2006) and Norway (1991-2003), both with an increasing incidence over time [17, 
86]. The increasing rate of candidemia we observed between periods in the 1990s 
and 2000s is in line with those of other population-based studies, thus highlighting 
the growing importance of bloodstream infections (BSIs) caused by Candida spp. 
among vulnerable hospitalized patients. 
The constant male dominance we observed is consistent with most reports from 
the USA and Europe [17, 82, 83, 85], although not unequivocally [11, 23]. By age 
and sex, incidence rates increased in patients >65 years of age, particularly in males 
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(Table 8). Incidences comparable to ours in this age group have been observed in 
Norway and Spain [17, 89], while rates have been considerably higher in Denmark, 
Iceland, and the USA [83, 85, 86]. During the 1990s in Finland, the highest age-
specific incidence rate was in infants <1year of age. Interestingly, in the two youngest 
age groups (<1 year-15 years of age), the incidence in Finland was lower during the 
2000s than in the 1990s, partly due to the fading of an outbreak of C. parapsilosis in 
the neonatal intensive care unit (NICU) of the HUCH since 2002. Clearly higher 
incidence rates (20–75 per 100,000 population) in infants <1 year of age have been 
reported from North America and Spain [11, 83, 89], while incidences in other 
Nordic countries have been only somewhat higher than in Finland [11, 17, 83, 85, 
86, 89]. 
The conspicuous differences in candidemia rates between countries may be real, 
but may also be due to differences in the representativeness and age distributions of 
the study populations as well as variations in patterns of health care delivery and 
clinical practices, including the frequency of using blood cultures in diagnostics, 
differences in antibiotic use patterns, and the resistance situation. In a previous 
study, Candida spp. represented only 4% of all pathogens in nosocomial BSIs in 
Finland, and the prevalence of antibiotic resistance among bacterial findings was 
lower than in the USA [64].
While our laboratory-based surveillance data of candidemia are representative 
of the entire population, the data on patient characteristics collected with each 
notification are limited, and the proportion of nosocomial vs. community-onset 
candidemias is unknown. 
6.1.2  Candidemia incidence in HUCH 
Our 18-year study in the largest tertiary care hospital in Finland showed a constant 
low incidence of candidemia between 0.26 and 0.59 per 10,000 patient days. This is 
surprising given the increase in high-risk activities for invasive fungal infections, 
such as solid organ and stem cell transplantations, which more than doubled during 
our study. Non-nosocomial candidemia was very rare in HUCH, as only 4% of 
candidemia cases were detected within two days of hospitalization, which contrasts 
sharply with reports from the USA, where one fifth of candidemias develop in 
patients before or on admission to the hospital [83, 258].
While several centers in Europe have reported incidence rates comparable to 
ours [5, 10], higher rates have been observed in Belgium, France, and Italy [16, 168, 
172]. In addition, the rate we observed in HUCH is one fourth to one sixth of the 
rates reported from the USA [23, 127]. In-hospital incidence rates in the USA and 
Europe have been largely stable or increasing during 1990-2000s, but decreasing 
incidence has been reported from Belgium [172] and also from intensive care units 
(ICUs) in the USA during the 2000s [15]. However, a 3.5-fold increase was observed 
during 1998–2008 in Australia, particularly in adult TCCs [173]. The current overall 
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trends of candidemia incidence are not clear. The reported rates in Europe have 
been lower than in the USA, and while many centers have observed stable or even 
decreasing incidences, also considerable increases have been reported.  
This considerable variation in rates in different centers highlights major 
differences in treatment practices, in vulnerable patient populations, and in 
diagnostic activity (e.g., the frequency with which blood cultures are used in 
diagnostics). Also, the manner in which the surveys are conducted (i.e., single-
center vs. multicenter studies) may affect the results. While the number of patients at 
risk for Candida BSIs appears to be increasing, more of the care of these patients has 
shifted to non-ICU settings, and patients with indwelling central catheters are cared 
for at home. This change of practice may in part increase the rates of candidemia 
outside traditional high-risk areas [173]. Definitions of nosocomial infection may 
vary, as can determining whether an infection is related to previous hospitalizations 
[258]. During our study, the number of blood cultures per patient day increased 
markedly; thus, the stable incidence we observed is not explained by low diagnostic 
activity. 
Our study has several limitations. The number of candidemias during 1987–
1998 was acquired from microbiology laboratory logbooks, and during 1999–2004, 
from the Finnish Hospital Infection Program (SIRO) (this different data source may 
affect our observed rates). The data on blood samples taken for culture covers only 
part of our study period, although with a consistently rising trend. 
6.2 Patient characteristics in HUCH
The proportion of ICU patients increased significantly during the study period and 
became one of the major patient groups at risk. The proportion of surgical patients 
increased, while those of traditional risk groups (i.e., patients with hematological or 
solid malignancy) declined. 
Our study confirms the importance of surgery (particularly gastroenterology 
surgery), treatment in the ICU, and hematological and solid malignancies as factors 
contributing to nosocomial candidemia. Several centers around the world have 
reported rising rates of candidemia among intensive care patients [5, 10, 92, 165, 
172, 174, 183]. The high proportion of surgical patients we observed is in accordance 
with previous observations from Europe and Australia [10, 12, 173], but contrasts 
with a study from the USA in which surgical patients comprised 18% of candidemias 
[83]. The decline in the proportion of hematological patients in HUCH also parallels 
the implementation of fluconazole prophylaxis in this patient group. 
None of the patients with candidemia had HIV infection, which reflects the low 
prevalence of HIV infection in Finland [259]. The proportion of patients with HIV-
infection among candidemia patients has been high ranging from 10% to 15% in the 
USA [83, 84], while in Europe, these patients comprise 0.6–3% of candidemia cases 
[10, 12, 92]. 
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 The proportion of newborns among candidemia patients increased during 
1999–2004 and has been associated with a prolonged outbreak in premature neonates 
that has subsided since 2002 [194]. Newborns (patients <1 year) have accounted for 
~8% of candidemia patients in several centers in Europe [12, 92]. 
The patient data recorded in the SIRO are limited, and we did not review patient 
charts during the years 1999–2004. In addition, the data abstracted from patient 
charts have limitations: the information is not uniform, is sometimes hand-written, 
or is missing altogether. Due to our long observation period, and thus multiple 
changes in hospital departments, we could not analyze patient days according to 
specialty. 
6.3 Causative Candida species 
Our nationwide population-based study observed no changes in the proportion of 
C. albicans between the 1990s and 2000s in Finland, but the proportion of C. glabrata 
increased considerably from 9% to 19%, ranking second after C. albicans during 
the 2000s. Other Candida species were isolated only rarely, while the proportion 
of C. krusei decreased from 8% to 3% between our study periods. Accordingly, the 
predominating causative organism in HUCH during our 18 years of observation was 
consistently C. albicans; its proportion decreased significantly, however, while that 
of C. glabrata increased.
The stable predominance of C. albicans in Finland contrasts with several reports 
from the USA, Australia, and Europe, in which the proportion of non-C. albicans 
species has increased to 40-56% [14, 15, 22, 23, 65, 83, 85, 171, 173, 183], but is 
in line with nationwide studies from Iceland and Norway as well as with several 
reports from centers in Europe [5, 17, 86, 172, 182]. The precise pattern of causative 
species varies across countries and centers [22, 89, 173, 175], but some centers in 
the USA and Europe report that the incidence of C. glabrata has risen to second or 
third in rank [13, 15, 82, 260, 261]. The shift in causative Candida spp. remains still 
to be clarified, while the increasing proportion of C. glabrata has been associated 
with many factors including geographical variation, exposure to azoles or antifungal 
agents, differences in demographics and in patient comorbidites, and the ability of 
blood culture systems to isolate different Candida species [15, 22, 262]. Interestingly, 
in HUCH the proportion of C. glabrata as a causative species rose only after 2001, 
while the consumption of fluconazole already began increasing through the 1990s. 
The cause of the decrease we observed in the proportion of C. krusei is unknown, but 
may be associated with patient demographics and underlying conditions.  
Limitations to our study include a growing number of unknown Candida spp. 
(1% vs. 5 %, respectively) reported concomitantly with the shift in the use of data 
from SIRO. Changes in blood culture systems in HUCH over the years may also 
have contributed to changes in causative species. 
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6.4 Fluconazole consumption and prophylaxis  
 policies in Finland 
The consumption of fluconazole in HUCH increased six-fold during 1987–2004. 
The total consumption of fluconazole increased in all five regions in Finland during 
2000–2007, which also suggests increased usage of fluconazole in tertiary care 
hospitals. 
The consumption of fluconazole in HUCH is in the same range as that of a report 
from one TCC in Belgium during 1994–2004, but a multicenter study in Switzerland 
in 2000, and another in the USA in 1993, reported clearly lower consumption [5, 165, 
182]. No association was observed between the use of fluconazole and distribution 
of Candida species causing BSIs in Switzerland or in Belgium [5, 182]. The role 
of fluconazole consumption in the shift of causative Candida species remains 
inconclusive, as several reports have observed the effect [13, 15, 165, 261], while 
others have not [5, 17, 22, 182]. 
Prophylaxis with fluconazole was used systematically during 2000s in patients 
with acute leukemias, liver transplant patients, and in premature infants in Finland. 
The prophylactic use of fluconazole in neonates and pediatric leukemia patients 
along with improved infection control practices may have contributed to the 
observed reduction in candidemia rates in patients <16 years of age. Despite the 
increase in fluconazole consumption in HUCH as well as in tertiary care center 
catchment regions in Finland, we observed no shift towards non-C. albicans species 
as a whole, but among them the proportion of C. glabrata increased. 
Data on fluconazole usage in HUCH were available only for the years 1991–
1999 and 2003–2004. Data on fluconazole consumption in HUCH, however, is 
general year-to-year use of fluconazole obtained from the hospital pharmacy with 
trends in the distribution of causative species, which is not generalisable to the 
individual patient level. Moreover, our nationwide survey is an ecological study in 
which we used data on the total consumption of fluconazole in different tertiary care 
catchment regions, in connection with our population-based data on incidence rates, 
to make inferences about individual patients based on average population statistics. 
In addition, with only laboratory-based reporting (NIDR), differentiating between 
nosocomial and community-onset infection is impossible. Consequently, we could 
not calculate fluconazole consumption as DDDs per patient-day and have no data 
on sensitivity to fluconazole. A further limitation of our study is that the guidelines 
and routine prophylaxis policies presented here are limited to patients in tertiary 
care centers, and thus affect candidemia rates in these hospitals and not in health-
care institutions as a whole. Regarding infectious diseases, however, physicians of 
the centers play a key consulting role in their districts on policies affecting groups at 
high risk for candidemia. Furthermore, we did not inquire about the dosing of the 
prophylaxis, so the adequacy of the prophylaxis remains unknown. 
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6.5 Patient outcomes 
The proportion of crude case fatality by one month remained stable at 30–33% in 
HUCH, and at 35%, remained stable in our nationwide study during 2004–2007 as 
well. 
The case fatality rates we observed are in line with those of reports from the USA 
and most European countries [12, 23, 91, 92, 185], despite reports of clearly higher 
rates of 44–61% [9, 16, 89, 171, 174, 175, 183]. Patients who died were more likely to 
be old and to have hematological malignancy or candidemia caused by C. albicans, 
thus confirming the contribution of serious underlying diseases, treatments causing 
immunosuppression, and older age to the high case fatality rate. In HUCH, the low 
case fatality rate in patients treated in ICU reflects the fact that the majority of them 
were premature newborns with candidemia caused by C. parapsilosis. Patients with 
a previous organ transplant had the highest case fatality at 50%, but they were few 
(14). 
A limitation of our study is that we had no data on deaths related directly to 
candidemia, and thus could not calculate attributable mortality, but only all-cause 
mortality. 
6.6 Epidemiological survey of C. albicans 
The 142 blood culture isolates of C. albicans from 130 patients were highly dispersed 
when analyzed using restriction-enzyme analysis (REA). 
Our study covered a period of more than eight years and seven separate acute 
care hospitals, one of which was located at six different sites. This set-up should 
reduce the bias potentially associated with small patient materials from a single center 
where endemic subtypes could be prevalent. REA differentiated efficiently between 
C. albicans strains, and both restriction enzymes showed similar discriminatory 
power. Although a minority, among consecutive isolates from the same patient 
(11), REA demonstrated highly reproducible DNA patterns. No clusters or endemic 
subtypes were observed in the hospitals involved despite the abundant transfer of 
patients between them.  
REA has been used to distinguish strains of C. albicans, although when compared 
with pulsed-field gel electrophoresis (PFGE) karyotyping, the results have been 
conflifting [45, 207, 263–266]. The application of these two methods in succession 
enhances differentiation between strains [263, 265, 267]. Using computer programs 
to analyze digitized REA patterns improves the accuracy of strain discrimination 
and the speed of analysis, while modern methods that use DNA amplification by 
PCR could offer accurate strain discrimination of both C. albicans and non-C. 
albicans spp. [102, 142, 264].
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7 Conclusions and future    
 considerations
The incidence of candidemia in Finland is globally relatively low, but did increase 
during the period 1995-1999, and between the two study periods in the 1990s and 
2000s. In HUCH, the incidence of candidemia remained low and constant during 
1987–2004, and consisted almost exclusively of nosocomial infections. Candida 
spp. are an important cause of nosocomial bloodsream infections in Finland, and 
continued surveillance is necessary to determine the overall trends and to reduce 
the impact of these infections in the future. Multicenter and nationwide studies 
contribute to a comprehensive data set across all susceptible patients groups and to 
the true influence of healthcare delivery on candidemias, while surveys performed 
in a hospital have tremendous value for therapeutic decision making and preventive 
measures at the local level. Surveillance to monitor the burden of disease and the 
emergence of resistance among the general patient population and among high risk 
patient populations should continue.
In nationwide studies, incidence rates increased in older age groups, particularly 
in males, while in patients in the younger age groups (<1 year-15 years of age), had 
lower incidence during the 2000s than in the 1990s in Finland. In HUCH, the study 
implied a significant shift in patient populations at risk, with surgical and intensive 
care patients gaining predominance. A future challenge is to uniformly recognize 
the adult high-risk patients treated in surgical wards and intensive care units as 
such and to apply them measures to prevent nosocomial infections and adequate 
antifungal prophylaxis. 
The predominant causative species in Finland and in HUCH is C. albicans, 
but the proportion of C. glabrata increased considerably. While this increase stems 
partly from a change in blood culture systems and an older patient population 
(C. glabrata is rare in neonates), it may reflect a true shift in species causing 
candidemias. The increase in the proportion of C. glabarata has several implications 
both for microbiology laboratory (in identifying the clinical isolates in species-level 
and in antifungal susceptibility testing) and for clinical decicion making in choosing 
prophylactic, pre-emptive, and empirical treatments. 
Fluconazole consumption increased not only in HUCH, but in all five tertiary 
care center regions in Finland as well. Fluconazole prophylaxis was systematically 
implemented in traditional high-risk patient groups (i.e., patients with acute 
leukemias, liver transplant patients, and in premature infants) and most probably 
contributed to the observed decrease of candidemia rates in these subpopulations. 
The role of antifungal prophylaxis with fluconazole in amplifying the shift in causative 
Candida species is inconclusive, but requires continued vigilance in the future.  
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The proportion of crude case fatality per one month was high, at 30–35%, and 
remained stable. This high case fatality ratio emphasizes the need for continuous 
surveillance to identify changes in predisposing factors to optimize preventive 
policies, including the use of antifungal prophylaxis, particularly in new risk 
groups. Given the substantial excess mortality due to candidemia and the difficulties 
encountered in administering early and effective antifungal therapy, better methods 
of prevention will decrease candidemia-associated mortality more than will advances 
in therapy. 
Epidemiological typing with REA showed no clusters or endemic subtypes 
in the hospitals involved. Rather, as a rule, each patient was infected by a unique 
C. albicans strain, implying an endogenous source of candidemia. In the future, 
molecular methods for investigating suspected outbreaks caused by Candida spp. 
should be available in Finland, also.
66 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
8 Acknowledgements
This study was carried out at the Department of Infectious Diseases Epidemiology 
and Control of the National Public Health Institute, current National Institute for 
Health and Welfare (THL) and at the Department of Hematology of the Helsinki 
University Central Hospital. 
I acknowledge the director general of the National Institute for Health and 
Welfare Pekka Puska and the head of the Department of Infectious Diseases 
Epidemiology and Control Petri Ruutu for providing excellent research facilities. As 
my supervisor, Petri initiated this work and shared his vast knowledge and expertise 
in the field of infectious diseases epidemiology. Besides encouragement, he gave 
me the opportunity to work on this thesis through the years, for which I am most 
grateful. 
I wish to express my deepest gratitude to my supervisor, Docent Outi 
Lyytikäinen, who invested her time and expertise, gave me exellent advice and 
guidance both in infectious diseases epidemiology and scientific writing. She had 
always time for me and my questions whenever I needed. I thank Outi for patience 
and empathy during the silent phases during this study.
I owe special thanks to former head of the Hematology Clinic, Professor Tapani 
Ruutu, for his encouragement and support in initiating this work. I acknowledge 
Docent Kimmo Porkka for his support and patience in organizing the puzzle of 
clinical work and research periods.
Docent Veli-Jukka Anttila is warmly acknowledged for his valuable advice, 
support, and guidance throughout the years.  
I thank my co-authors and collaborators in the Helsinki University Microbiology 
Laboratory: Aulikki Sivonen and Suvi-Sirkku Kaukoranta-Tolvanen for providing 
microbiological data and advice in the epidemiological study; Pirkko Koukila-
Kähkölä and Pentti Kuusela for providing microbiological data and expertice for the 
third study. 
I warmly thank all my co-authors of the original publications, without whom 
this work would have been impossible. Docent Jaana Vuopio-Varkila and Elina Siren 
at the Hospital Bacteria Laboratory of the National Institute for Health and Welfare 
are acknowledged for genotyping the strains of C. albicans. Infectious diseases 
specialists Irma Koivula, MD, Jukka Lumio, MD, PhD, Hannu Syrjälä, MD, PhD, 
and Pirkko Kotilainen, MD, PhD, answered my questions and shared their expertise. 
Docent Timo Hautala and Docent Olli Meurman are warmly acknowledged 
for flexible and swift review process of this work. Their constructive comments and 
criticism were valuable and improved the quality of the thesis. 
I wish to thank my collegues at the National Institute for Health and Welfare 
for creating a stimulating atmosphere and for the help and support. Especially I am 
grateful for Emmi Sarvikivi, MD, PhD, for help in practical matters and friendship. I 
8   Acknowledgements
67Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
wish to thank Jukka Ollgren for his statistical advice. I acknowledge Stephen Stalter 
for kindly reviewing the English language of the thesis.  
I want to thank all my friends who have supported and encouraged me during 
these years. Thank you Inka Liesmaa, Sari Kivistö, Marja Sippola-Soininen, Tiina 
Strengell, Tove Palmgren and Liisa Pekkanen for being there for me and, especially, 
for offering refreshing challenges outside the office. 
I owe my sincere thanks to my collegues at Peijas Hospital for understanding 
and empathy during these years. I also thank my friends Anne Miettinen and Tarja 
Tiippana-Kinnunen for your special encouragement and support.
My heartfelt thanks go to my brothers and their families for understanding 
and support; my nephews Perttu, Antti and Mikko have brought me joy and most 
welcome distraction to writing. My goddaughter Emma and her family are warmly 
thanked for their friendship and bringing perscpective to life. 
Finally, I owe my deepest gratitude to my beloved husband Jukka for his love 
and support, his humour and patience, and for sharing his life with me.
68 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
References
1. Wey SB, Mori M, Pfaller MA, Woolson RF, Wenzel RP. Hospital-acquired candidemia. The 
attributable mortality and excess length of stay. Arch Intern Med 1988 Dec;148(12):2642-5.
2. Pfaller MA, Diekema DJ. Epidemiology of invasive candidiasis: a persistent public health 
problem. Clin Microbiol Rev 2007 Jan;20(1):133-63.
3. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. Nosocomial 
bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective 
nationwide surveillance study. Clin Infect Dis 2004 Aug 1;39(3):309-17.
4. Bouza E, Perez-Molina J, Munoz P, Cooperative Group of the European Study Group on 
Nosocomial Infection. Report of ESGNI-001 and ESGNI-002 studies. Bloodstream infections 
in Europe. Clin Microbiol Infect 1999;5(Suplement 2):2S1-2S12.
5. Marchetti O, Bille J, Fluckiger U, et al. Epidemiology of candidemia in Swiss tertiary care 
hospitals: secular trends, 1991-2000. Clin Infect Dis 2004 Feb 1;38(3):311-20.
6. Morgan J, Meltzer MI, Plikaytis BD, et al. Excess mortality, hospital stay, and cost due to 
candidemia: a case-control study using data from population-based candidemia surveillance. 
Infect Control Hosp Epidemiol 2005 Jun;26(6):540-7.
7. Olaechea PM, Palomar M, Leon-Gil C, et al. Economic impact of Candida colonization 
and Candida infection in the critically ill patient. Eur J Clin Microbiol Infect Dis 2004 
Apr;23(4):323-30.
8. Zaoutis TE, Argon J, Chu J, Berlin JA, Walsh TJ, Feudtner C. The epidemiology and 
attributable outcomes of candidemia in adults and children hospitalized in the United States: 
a propensity analysis. Clin Infect Dis 2005 Nov 1;41(9):1232-9.
9. Hope W, Morton A, Eisen DP. Increase in prevalence of nosocomial non-Candida albicans 
candidaemia and the association of Candida krusei with fluconazole use. J Hosp Infect 2002 
Jan;50(1):56-65.
10. Kibbler CC, Seaton S, Barnes RA, et al. Management and outcome of bloodstream infections 
due to Candida species in England and Wales. J Hosp Infect 2003 May;54(1):18-24.
11. Laupland KB, Gregson DB, Church DL, Ross T, Elsayed S. Invasive Candida species infections: 
a 5 year population-based assessment. J Antimicrob Chemother 2005 Sep;56(3):532-7.
12. Tortorano AM, Peman J, Bernhardt H, et al. Epidemiology of candidaemia in Europe: 
results of 28-month European Confederation of Medical Mycology (ECMM) hospital-based 
surveillance study. Eur J Clin Microbiol Infect Dis 2004 Apr;23(4):317-22.
13. Abi-Said D, Anaissie E, Uzun O, Raad I, Pinzcowski H, Vartivarian S. The epidemiology 
of hematogenous candidiasis caused by different Candida species. Clin Infect Dis 1997 
Jun;24(6):1122-8.
14. San Miguel LG, Cobo J, Otheo E, Sanchez-Sousa A, Abraira V, Moreno S. Secular trends 
of candidemia in a large tertiary-care hospital from 1988 to 2000: emergence of Candida 
parapsilosis. Infect Control Hosp Epidemiol 2005 Jun;26(6):548-52.
15. Trick WE, Fridkin SK, Edwards JR, Hajjeh RA, Gaynes RP. Secular trend of hospital-acquired 
candidemia among intensive care unit patients in the United States during 1989-1999. Clin 
Infect Dis 2002 Sep 1;35(5):627-30.
16. Luzzati R, Amalfitano G, Lazzarini L, et al. Nosocomial candidemia in non-neutropenic 
patients at an Italian tertiary care hospital. Eur J Clin Microbiol Infect Dis 2000 Aug;19(8):602-
7.
17. Sandven P, Bevanger L, Digranes A, Haukland HH, Mannsaker T, Gaustad P. Candidemia in 
Norway (1991 to 2003): results from a nationwide study. J Clin Microbiol 2006 Jun;44(6):1977-
81.
18. Sobel JD, Rex JH. Invasive candidiasis: turning risk into a practical prevention policy? Clin 
Infect Dis 2001 Jul 15;33(2):187-90.
19. Cohen R, Roth FJ, Delgado E, Ahearn DG, Kalser MH. Fungal flora of the normal human 
small and large intestine. N Engl J Med 1969 Mar 20;280(12):638-41.
20. Rinaldi MG. Biology and Pathogenicity of Candida Species. In: Bodey GP, ed. Candidiasis 




National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
21. Jarvis WR. Epidemiology of nosocomial fungal infections, with emphasis on Candida 
species. Clin Infect Dis 1995 Jun;20(6):1526-30.
22. Pfaller MA, Diekema DJ. Twelve years of fluconazole in clinical practice: global trends in 
species distribution and fluconazole susceptibility of bloodstream isolates of Candida. Clin 
Microbiol Infect 2004 Mar;10 Suppl 1:11-23.
23. Hajjeh RA, Sofair AN, Harrison LH, et al. Incidence of bloodstream infections due to Candida 
species and in vitro susceptibilities of isolates collected from 1998 to 2000 in a population-
based active surveillance program. J Clin Microbiol 2004 Apr;42(4):1519-27.
24. Pfaller M, Pappas PG, Wingard JR. Invasive Fungal Pathogens: Current Epidemiological 
Trends. Clin Infect Dis 2006;44(Suppl 1):S3-14.
25. Nucci M, Marr KA. Emerging fungal diseases. Clin Infect Dis 2005 Aug 15;41(4):521-6.
26. Shin JH, Kook H, Shin DH, et al. Nosocomial cluster of Candida lipolytica fungemia in 
pediatric patients. Eur J Clin Microbiol Infect Dis 2000 May;19(5):344-9.
27. Douglas LJ. Candida biofilms and their role in infection. Trends Microbiol 2003 Jan;11(1):30-
6.
28. Jabra-Rizk MA, Falkler WA, Meiller TF. Fungal biofilms and drug resistance. Emerg Infect 
Dis 2004 Jan;10(1):14-9.
29. Kojic EM, Darouiche RO. Candida infections of medical devices. Clin Microbiol Rev 2004 
Apr;17(2):255-67.
30. Vartivarian SE. Virulence properties and nonimmune pathogenetic mechanisms of fungi. 
Clin Infect Dis 1992 Mar;14 Suppl 1:S30-6.
31. Kuhn DM, Mikherjee PK, Clark TA, et al. Candida parapsilosis characterization in an 
outbreak setting. Emerg Infect Dis 2004 Jun;10(6):1074-81.
32. Trofa D, Gacser A, Nosanchuk JD. Candida parapsilosis, an emerging fungal pathogen. Clin 
Microbiol Rev 2008 Oct;21(4):606-25.
33. Bow EJ, Loewen R, Cheang MS, Schacter B. Invasive fungal disease in adults undergoing 
remission-induction therapy for acute myeloid leukemia: the pathogenetic role of the 
antileukemic regimen. Clin Infect Dis 1995 Aug;21(2):361-9.
34. Cole GT, Halawa AA, Anaissie EJ. The role of the gastrointestinal tract in hematogenous 
candidiasis: from the laboratory to the bedside. Clin Infect Dis 1996 May;22 Suppl 2:S73-88.
35. Karabinis A, Hill C, Leclercq B, Tancrede C, Baume D, Andremont A. Risk factors for 
candidemia in cancer patients: a case-control study. J Clin Microbiol 1988 Mar;26(3):429-32.
36. Magill SS, Swoboda SM, Johnson EA, et al. The association between anatomic site of Candida 
colonization, invasive candidiasis, and mortality in critically ill surgical patients. Diagn 
Microbiol Infect Dis 2006 Aug;55(4):293-301.
37. Miranda LN, van der Heijden IM, Costa SF, et al. Candida colonisation as a source for 
candidaemia. J Hosp Infect 2009 May;72(1):9-16.
38. Nucci M, Anaissie E. Revisiting the source of candidemia: skin or gut? Clin Infect Dis 2001 
Dec 15;33(12):1959-67.
39. Reagan DR, Pfaller MA, Hollis RJ, Wenzel RP. Characterization of the sequence of 
colonization and nosocomial candidemia using DNA fingerprinting and a DNA probe. J 
Clin Microbiol 1990 Dec;28(12):2733-8.
40. Saiman L, Ludington E, Pfaller M, et al. Risk factors for candidemia in Neonatal Intensive 
Care Unit patients. The National Epidemiology of Mycosis Survey study group. Pediatr Infect 
Dis J 2000 Apr;19(4):319-24.
41. Brillowska-Dabrowska A, Schon T, Pannanusorn S, et al. A nosocomial outbreak of Candida 
parapsilosis in southern Sweden verified by genotyping. Scand J Infect Dis 2009;41(2):135-
42.
42. Strausbaugh LJ, Sewell DL, Ward TT, Pfaller MA, Heitzman T, Tjoelker R. High frequency of 
yeast carriage on hands of hospital personnel. J Clin Microbiol 1994 Sep;32(9):2299-300.
43. Hota B. Contamination, disinfection, and cross-colonization: are hospital surfaces reservoirs 
for nosocomial infection? Clin Infect Dis 2004 Oct 15;39(8):1182-9.
44. Vazquez JA, Dembry LM, Sanchez V, et al. Nosocomial Candida glabrata colonization: an 
epidemiologic study. J Clin Microbiol 1998 Feb;36(2):421-6.
References
70 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
45. Vazquez JA, Sanchez V, Dmuchowski C, Dembry LM, Sobel JD, Zervos MJ. Nosocomial 
acquisition of Candida albicans: an epidemiologic study. J Infect Dis 1993 Jul;168(1):195-
201.
46. Hedderwick SA, Lyons MJ, Liu M, Vazquez JA, Kauffman CA. Epidemiology of yeast 
colonization in the intensive care unit. Eur J Clin Microbiol Infect Dis 2000 Sep;19(9):663-
70.
47. Ekenna O, Sherertz RJ, Bingham H. Natural history of bloodstream infections in a burn 
patient population: the importance of candidemia. Am J Infect Control 1993 Aug;21(4):189-
95.
48. el-Mohandes AE, Johnson-Robbins L, Keiser JF, Simmens SJ, Aure MV. Incidence of Candida 
parapsilosis colonization in an intensive care nursery population and its association with 
invasive fungal disease. Pediatr Infect Dis J 1994 Jun;13(6):520-4.
49. Plouffe JF, Brown DG, Silva J, Jr., Eck T, Stricof RL, Fekety FR, Jr. Nosocomial outbreak of 
Candida parapsilosis fungemia related to intravenous infusions. Arch Intern Med 1977 
Dec;137(12):1686-9.
50. Lennox KA, Hierholzer WJ, Jr. Principles of infectious diseases. In: Mayhall CG, ed. Hospital 
Epidemiology and Infection Control. Philadelphia: Lippincott Williams & Wilkins, 2004:3-
17.
51. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for nosocomial 
infections, 1988. Am J Infect Control 1988 Jun;16(3):128-40.
52. Rupp ME. Nosocomial blood stream infections. In: Mayhall CG, ed. Hospital Epidemiology 
and Infecction Control. Philadelphia: Lippincott Williams & Wilkins, 2004:253-65.
53. Jarvis W. Outbreak. In: Mayhall CG, ed. Hospital Epidemiology and Infection Control. 
Philadelphia: Lippincott Williams & Wilkins, 2004:107-22.
54. Fridkin SK, Jarvis WR. Epidemiology of nosocomial fungal infections. Clin Microbiol Rev 
1996 Oct;9(4):499-511.
55. Bodey GP. Hematogenous and Major Organ Candidiasis. . In: Bodey GP, ed. Candidiasis 
Pathogenesis, Diagnosis and Treatment Second ed. New York Raven Press, 1993:279-332.
56. Ascioglu S, Rex JH, de Pauw B, et al. Defining opportunistic invasive fungal infections in 
immunocompromised patients with cancer and hematopoietic stem cell transplants: an 
international consensus. Clin Infect Dis 2002 Jan 1;34(1):7-14.
57. Edmond MB, Wallace SE, McClish DK, Pfaller MA, Jones RN, Wenzel RP. Nosocomial 
bloodstream infections in United States hospitals: a three-year analysis. Clin Infect Dis 1999 
Aug;29(2):239-44.
58. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the United States 
from 1979 through 2000. N Engl J Med 2003 Apr 17;348(16):1546-54.
59. Pfaller MA, Jones RN, Messer SA, Edmond MB, Wenzel RP. National surveillance of 
nosocomial blood stream infection due to species of Candida other than Candida albicans: 
frequency of occurrence and antifungal susceptibility in the SCOPE Program. SCOPE 
Participant Group. Surveillance and Control of Pathogens of Epidemiologic. Diagn Microbiol 
Infect Dis 1998 Feb;30(2):121-9.
60. Pittet D, Wenzel RP. Nosocomial bloodstream infections. Secular trends in rates, mortality, 
and contribution to total hospital deaths. Arch Intern Med 1995 Jun 12;155(11):1177-84.
61. Hidron AI, Edwards JR, Patel J, et al. NHSN annual update: antimicrobial-resistant pathogens 
associated with healthcare-associated infections: annual summary of data reported to the 
National Healthcare Safety Network at the Centers for Disease Control and Prevention, 
2006-2007. Infect Control Hosp Epidemiol 2008 Nov;29(11):996-1011.
62. Bouza E, Perez-Molina J, Munoz P, Cooperative Group of the European Study Group on 
Nosocomial Infections (ESGNI). Report of ESGNI-001 and ESGNI-002 studies. Bloodstream 
infections in Europe. Clin Microbiol Infect 1999;5(Supplement 2):2S1-2S12.
63. Fluit AC, Jones ME, Schmitz FJ, Acar J, Gupta R, Verhoef J. Antimicrobial susceptibility and 
frequency of occurrence of clinical blood isolates in Europe from the SENTRY antimicrobial 
surveillance program, 1997 and 1998. Clin Infect Dis 2000 Mar;30(3):454-60.
64. Lyytikainen O, Lumio J, Sarkkinen H, Kolho E, Kostiala A, Ruutu P. Nosocomial bloodstream 
infections in Finnish hospitals during 1999-2000. Clin Infect Dis 2002 Jul 15;35(2):e14-9.
References
71Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
65. Voss A, Kluytmans JA, Koeleman JG, et al. Occurrence of yeast bloodstream infections 
between 1987 and 1995 in five Dutch university hospitals. Eur J Clin Microbiol Infect Dis 
1996 Dec;15(12):909-12.
66. El-Masri MM, Hammad TA, McLeskey SW, Joshi M, Korniewicz DM. Predictors of 
nosocomial bloodstream infections among critically ill adult trauma patients. Infect Control 
Hosp Epidemiol 2004 Aug;25(8):656-63.
67. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in medical intensive 
care units in the United States. National Nosocomial Infections Surveillance System. Crit 
Care Med 1999 May;27(5):887-92.
68. Spencer RC. Predominant pathogens found in the European Prevalence of Infection in 
Intensive Care Study. Eur J Clin Microbiol Infect Dis 1996 Apr;15(4):281-5.
69. Suetens C, Morales I, Savey A, et al. European surveillance of ICU-acquired infections 
(HELICS-ICU): methods and main results. J Hosp Infect 2007 Jun;65 Suppl 2:171-3.
70. Warren DK, Zack JE, Elward AM, Cox MJ, Fraser VJ. Nosocomial primary bloodstream 
infections in intensive care unit patients in a nonteaching community medical center: a 
21-month prospective study. Clin Infect Dis 2001 Oct 15;33(8):1329-35.
71. Velasco E, Byington R, Martins CA, Schirmer M, Dias LM, Goncalves VM. Comparative 
study of clinical characteristics of neutropenic and non-neutropenic adult cancer patients 
with bloodstream infections. Eur J Clin Microbiol Infect Dis 2006 Jan;25(1):1-7.
72. Viscoli C, Castagnola E, Giacchino M, et al. Bloodstream infections in children with cancer: 
a multicentre surveillance study of the Italian Association of Paediatric Haematology and 
Oncology. Supportive Therapy Group-Infectious Diseases Section. Eur J Cancer 1999 
May;35(5):770-4.
73. Ortega M, Almela M, Soriano A, et al. Bloodstream infections among human 
immunodeficiency virus-infected adult patients: epidemiology and risk factors for mortality. 
Eur J Clin Microbiol Infect Dis 2008 Oct;27(10):969-76.
74. Petrosillo N, Viale P, Nicastri E, et al. Nosocomial bloodstream infections among human 
immunodeficiency virus-infected patients: incidence and risk factors. Clin Infect Dis 2002 
Mar 1;34(5):677-85.
75. Blot SI, Vandewoude KH, Hoste EA, Colardyn FA. Effects of nosocomial candidemia on 
outcomes of critically ill patients. Am J Med 2002 Oct 15;113(6):480-5.
76. Gudlaugsson O, Gillespie S, Lee K, et al. Attributable mortality of nosocomial candidemia, 
revisited. Clin Infect Dis 2003 Nov 1;37(9):1172-7.
77. Puzniak L, Teutsch S, Powderly W, Polish L. Has the epidemiology of nosocomial candidemia 
changed? Infect Control Hosp Epidemiol 2004 Aug;25(8):628-33.
78. Zaoutis TE, Heydon K, Localio R, Walsh TJ, Feudtner C. Outcomes attributable to neonatal 
candidiasis. Clin Infect Dis 2007 May 1;44(9):1187-93.
79. Rentz AM, Halpern MT, Bowden R. The impact of candidemia on length of hospital stay, 
outcome, and overall cost of illness. Clin Infect Dis 1998 Oct;27(4):781-8.
80. Smith PB, Morgan J, Benjamin JD, et al. Excess costs of hospital care associated with neonatal 
candidemia. Pediatr Infect Dis J 2007 Mar;26(3):197-200.
81. Garey KW, Turpin RS, Bearden DT, Pai MP, Suda KJ. Economic analysis of inadequate 
fluconazole therapy in non-neutropenic patients with candidaemia: a multi-institutional 
study. Int J Antimicrob Agents 2007 May;29(5):557-62.
82. Diekema DJ, Messer SA, Brueggemann AB, et al. Epidemiology of candidemia: 3-year 
results from the emerging infections and the epidemiology of Iowa organisms study. J Clin 
Microbiol 2002 Apr;40(4):1298-302.
83. Kao AS, Brandt ME, Pruitt WR, et al. The epidemiology of candidemia in two United States 
cities: results of a population-based active surveillance. Clin Infect Dis 1999 Nov;29(5):1164-
70.
84. Rees JR, Pinner RW, Hajjeh RA, Brandt ME, Reingold AL. The epidemiological features of 
invasive mycotic infections in the San Francisco Bay area, 1992-1993: results of population-
based laboratory active surveillance. Clin Infect Dis 1998 Nov;27(5):1138-47.
85. Arendrup MC, Fuursted K, Gahrn-Hansen B, et al. Semi-national surveillance of fungaemia 
in Denmark 2004-2006: increasing incidence of fungaemia and numbers of isolates with 
reduced azole susceptibility. Clin Microbiol Infect 2008 May;14(5):487-94.
References
72 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
86. Asmundsdottir LR, Erlendsdottir H, Gottfredsson M. Increasing incidence of candidemia: 
results from a 20-year nationwide study in Iceland. J Clin Microbiol 2002 Sep;40(9):3489-92.
87. HPA. Voluntary surveillance of candidemia in England, Wales and Northern Ireland: 2007. 
Health Protection Report Healthcare Associated Infections  19 September 2008 [cited 2010 
23 May ]; Available from: http://www.hpa.org.uk/hpr/infections/hcai.htm
88. Rodriguez D, Almirante B, Park BJ, et al. Candidemia in neonatal intensive care units: 
Barcelona, Spain. Pediatr Infect Dis J 2006 Mar;25(3):224-9.
89. Almirante B, Rodriguez D, Park BJ, et al. Epidemiology and predictors of mortality in cases 
of Candida bloodstream infection: results from population-based surveillance, barcelona, 
Spain, from 2002 to 2003. J Clin Microbiol 2005 Apr;43(4):1829-35.
90. Pfaller MA, Lockhart SR, Pujol C, et al. Hospital specificity, region specificity, and fluconazole 
resistance of Candida albicans bloodstream isolates. J Clin Microbiol 1998 Jun;36(6):1518-
29.
91. Klingspor L, Tornqvist E, Johansson A, Petrini B, Forsum U, Hedin G. A prospective 
epidemiological survey of candidaemia in Sweden. Scand J Infect Dis 2004;36(1):52-5.
92. Tortorano AM, Biraghi E, Astolfi A, et al. European Confederation of Medical Mycology 
(ECMM) prospective survey of candidaemia: report from one Italian region. J Hosp Infect 
2002 Aug;51(4):297-304.
93. Beck-Sague C, Jarvis WR. Secular trends in the epidemiology of nosocomial fungal infections 
in the United States, 1980-1990. National Nosocomial Infections Surveillance System. J 
Infect Dis 1993 May;167(5):1247-51.
94. Emori TG, Culver DH, Horan TC, et al. National nosocomial infections surveillance system 
(NNIS): description of surveillance methods. Am J Infect Control 1991 Feb;19(1):19-35.
95. Edwards JR, Peterson KD, Andrus ML, et al. National Healthcare Safety Network (NHSN) 
Report, data summary for 2006, issued June 2007. Am J Infect Control 2007 Jun;35(5):290-
301.
96. ECDC. Annual Epidemiological Report on Communicable Diseases in Europe 2009. 
Surveillance Report  June 2010 [cited 2010 28 June]; Available from: http://www.ecdc.
europa.eu/en/publications/Publications/0910_SUR_Annual_Epidemiological_Report_on_
Communicable_Diseases_in_Europe.pdf
97. IPSE. HomePage.  2 June 2008 [cited 2010 28 June]; Available from: http://ipse.univ-lyon1.fr/
index.htm
98. Mertens R, Van Den Berg JM, Fabry J, Jepsen OB. HELICS: a European project to standardise 
the surveillance of hospital acquired infection, 1994-1995. Euro Surveill 1996 Apr;1(4):28-
30.
99. Blumberg HM, Jarvis WR, Soucie JM, et al. Risk factors for candidal bloodstream infections 
in surgical intensive care unit patients: the NEMIS prospective multicenter study. The 
National Epidemiology of Mycosis Survey. Clin Infect Dis 2001 Jul 15;33(2):177-86.
100. Rangel-Frausto MS, Wiblin T, Blumberg HM, et al. National epidemiology of mycoses 
survey (NEMIS): variations in rates of bloodstream infections due to Candida species in 
seven surgical intensive care units and six neonatal intensive care units. Clin Infect Dis 1999 
Aug;29(2):253-8.
101. Vincent JL, Bihari DJ, Suter PM, et al. The prevalence of nosocomial infection in intensive 
care units in Europe. Results of the European Prevalence of Infection in Intensive Care 
(EPIC) Study. EPIC International Advisory Committee. JAMA 1995 Aug 23-30;274(8):639-
44.
102. Pfaller MA, Messer SA, Houston A, et al. National epidemiology of mycoses survey: a 
multicenter study of strain variation and antifungal susceptibility among isolates of Candida 
species. Diagn Microbiol Infect Dis 1998 May;31(1):289-96.
103. Messer SA, Jones RN, Fritsche TR. International surveillance of Candida spp. and Aspergillus 
spp.: report from the SENTRY Antimicrobial Surveillance Program (2003). J Clin Microbiol 
2006 May;44(5):1782-7.
104. Pfaller MA, Diekema DJ, Jones RN, et al. International surveillance of bloodstream infections 
due to Candida species: frequency of occurrence and in vitro susceptibilities to fluconazole, 
ravuconazole, and voriconazole of isolates collected from 1997 through 1999 in the SENTRY 
antimicrobial surveillance program. J Clin Microbiol 2001 Sep;39(9):3254-9.
References
73Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
105. Pfaller MA, Jones RN, Doern GV, et al. International surveillance of blood stream infections 
due to Candida species in the European SENTRY Program: species distribution and 
antifungal susceptibility including the investigational triazole and echinocandin agents. 
SENTRY Participant Group (Europe). Diagn Microbiol Infect Dis 1999 Sep;35(1):19-25.
106. Pfaller MA, Jones RN, Doern GV, Sader HS, Hollis RJ, Messer SA. International surveillance 
of bloodstream infections due to Candida species: frequency of occurrence and antifungal 
susceptibilities of isolates collected in 1997 in the United States, Canada, and South 
America for the SENTRY Program. The SENTRY Participant Group. J Clin Microbiol 1998 
Jul;36(7):1886-9.
107. Pfaller MA, Diekema DJ, Gibbs DL, et al. Candida krusei, a multidrug-resistant opportunistic 
fungal pathogen: geographic and temporal trends from the ARTEMIS DISK Antifungal 
Surveillance Program, 2001 to 2005. J Clin Microbiol 2008 Feb;46(2):515-21.
108. Pfaller MA, Diekema DJ, Gibbs DL, et al. Geographic and temporal trends in isolation and 
antifungal susceptibility of Candida parapsilosis: a global assessment from the ARTEMIS 
DISK Antifungal Surveillance Program, 2001 to 2005. J Clin Microbiol 2008 Mar;46(3):842-
9.
109. Pfaller MA, Diekema DJ, Rinaldi MG, et al. Results from the ARTEMIS DISK Global 
Antifungal Surveillance Study: a 6.5-year analysis of susceptibilities of Candida and other 
yeast species to fluconazole and voriconazole by standardized disk diffusion testing. J Clin 
Microbiol 2005 Dec;43(12):5848-59.
110. Pfaller MA, Messer SA, Boyken L, Tendolkar S, Hollis RJ, Diekema DJ. Geographic variation 
in the susceptibilities of invasive isolates of Candida glabrata to seven systemically active 
antifungal agents: a global assessment from the ARTEMIS Antifungal Surveillance Program 
conducted in 2001 and 2002. J Clin Microbiol 2004 Jul;42(7):3142-6.
111. Agvald-Ohman C, Klingspor L, Hjelmqvist H, Edlund C. Invasive candidiasis in long-term 
patients at a multidisciplinary intensive care unit: Candida colonization index, risk factors, 
treatment and outcome. Scand J Infect Dis 2008;40(2):145-53.
112. Charles PE, Dalle F, Aube H, et al. Candida spp. colonization significance in critically ill 
medical patients: a prospective study. Intensive Care Med 2005 Mar;31(3):393-400.
113. Leon C, Alvarez-Lerma F, Ruiz-Santana S, et al. Fungal colonization and/or infection in 
non-neutropenic critically ill patients: results of the EPCAN observational study. Eur J Clin 
Microbiol Infect Dis 2009 Mar;28(3):233-42.
114. Sandford GR, Merz WG, Wingard JR, Charache P, Saral R. The value of fungal surveillance 
cultures as predictors of systemic fungal infections. J Infect Dis 1980 Oct;142(4):503-9.
115. Benjamin DK, Jr., Stoll BJ, Fanaroff AA, et al. Neonatal candidiasis among extremely low 
birth weight infants: risk factors, mortality rates, and neurodevelopmental outcomes at 18 to 
22 months. Pediatrics 2006 Jan;117(1):84-92.
116. Castaldo P, Stratta RJ, Wood RP, et al. Fungal infections in liver allograft recipients. Transplant 
Proc 1991 Jun;23(3):1967.
117. DeGregorio MW, Lee WM, Ries CA. Candida infections in patients with acute leukemia: 
ineffectiveness of nystatin prophylaxis and relationship between oropharyngeal and systemic 
candidiasis. Cancer 1982 Dec 15;50(12):2780-4.
118. Kossoff EH, Buescher ES, Karlowicz MG. Candidemia in a neonatal intensive care unit: trends 
during fifteen years and clinical features of 111 cases. Pediatr Infect Dis J 1998 Jun;17(6):504-
8.
119. Meunier-Carpentier F, Kiehn TE, Armstrong D. Fungemia in the immunocompromised 
host. Changing patterns, antigenemia, high mortality. Am J Med 1981 Sep;71(3):363-70.
120. Singh N. Fungal infections in the recipients of solid organ transplantation. Infect Dis Clin 
North Am 2003 Mar;17(1):113-34, viii.
121. Viscoli C, Girmenia C, Marinus A, et al. Candidemia in cancer patients: a prospective, 
multicenter surveillance study by the Invasive Fungal Infection Group (IFIG) of the 
European Organization for Research and Treatment of Cancer (EORTC). Clin Infect Dis 
1999 May;28(5):1071-9.
122. Collins LA, Samore MH, Roberts MS, et al. Risk factors for invasive fungal infections 
complicating orthotopic liver transplantation. J Infect Dis 1994 Sep;170(3):644-52.
References
74 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
123. Singh N. Trends in the epidemiology of opportunistic fungal infections: predisposing factors 
and the impact of antimicrobial use practices. Clin Infect Dis 2001 Nov 15;33(10):1692-6.
124. Borzotta AP, Beardsley K. Candida infections in critically ill trauma patients: a retrospective 
case-control study. Arch Surg 1999 Jun;134(6):657-64; discussion 64-5.
125. Bross J, Talbot GH, Maislin G, Hurwitz S, Strom BL. Risk factors for nosocomial candidemia: 
a case-control study in adults without leukemia. Am J Med 1989 Dec;87(6):614-20.
126. Feja KN, Wu F, Roberts K, et al. Risk factors for candidemia in critically ill infants: a matched 
case-control study. J Pediatr 2005 Aug;147(2):156-61.
127. MacDonald L, Baker C, Chenoweth C. Risk factors for candidemia in a children’s hospital. 
Clin Infect Dis 1998 Mar;26(3):642-5.
128. Richet HM, Andremont A, Tancrede C, Pico JL, Jarvis WR. Risk factors for candidemia in 
patients with acute lymphocytic leukemia. Rev Infect Dis 1991 Mar-Apr;13(2):211-5.
129. Wey SB, Mori M, Pfaller MA, Woolson RF, Wenzel RP. Risk factors for hospital-acquired 
candidemia. A matched case-control study. Arch Intern Med 1989 Oct;149(10):2349-53.
130. Leon C, Ruiz-Santana S, Saavedra P, et al. A bedside scoring system (“Candida score”) for early 
antifungal treatment in nonneutropenic critically ill patients with Candida colonization. Crit 
Care Med 2006 Mar;34(3):730-7.
131. Ostrosky-Zeichner L, Sable C, Sobel J, et al. Multicenter retrospective development and 
validation of a clinical prediction rule for nosocomial invasive candidiasis in the intensive 
care setting. Eur J Clin Microbiol Infect Dis 2007 Apr;26(4):271-6.
132. Wenzel RP, Gennings C. Bloodstream infections due to Candida species in the intensive care 
unit: identifying especially high-risk patients to determine prevention strategies. Clin Infect 
Dis 2005 Sep 15;41 Suppl 6:S389-93.
133. Glocker EO, Hennigs A, Nabavi M, et al. A homozygous CARD9 mutation in a family with 
susceptibility to fungal infections. N Engl J Med 2009 Oct 29;361(18):1727-35.
134. Ellepola AN, Morrison CJ. Laboratory diagnosis of invasive candidiasis. J Microbiol 2005 
Feb;43 Spec No:65-84.
135. Groll AH, Shah PM, Mentzel C, Schneider M, Just-Nuebling G, Huebner K. Trends in the 
postmortem epidemiology of invasive fungal infections at a university hospital. J Infect 1996 
Jul;33(1):23-32.
136. Walsh TJ. Laboratory Diagnosis of Candidiasis. In: Bodey GP, ed. Candidiasis: Pathogenesis, 
Diagnosis and Treatment. New York: Raven Press, Ltd., 1993.
137. Alexander BD, Pfaller M. Contemporary tools for the diagnosis and management of invasive 
mycoses. Clin Infect Dis 2006;43(Suppl 1):S15-27.
138. Kedzierska A, Kochan P, Pietrzyk A, Kedzierska J. Current status of fungal cell wall components 
in the immunodiagnostics of invasive fungal infections in humans: galactomannan, mannan 
and (1-->3)-beta-D-glucan antigens. Eur J Clin Microbiol Infect Dis 2007 Nov;26(11):755-
66.
139. Senn L, Robinson JO, Schmidt S, et al. 1,3-Beta-D-glucan antigenemia for early diagnosis of 
invasive fungal infections in neutropenic patients with acute leukemia. Clin Infect Dis 2008 
Mar 15;46(6):878-85.
140. Yeo SF, Wong B. Current status of nonculture methods for diagnosis of invasive fungal 
infections. Clin Microbiol Rev 2002 Jul;15(3):465-84.
141. Salonen JH, Rimpilainen M, Lehtonen L, Lehtonen OP, Nikoskelainen J. Measurement of 
the D-arabinitol/L-arabinitol ratio in urine of neutropenic patients treated empirically with 
amphotericin B. Eur J Clin Microbiol Infect Dis 2001 Mar;20(3):179-84.
142. Trtkova J, Raclavsky V. Molecular-genetic approaches to identification and typing of 
pathogenic Candida yeasts. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 2006 
Jul;150(1):51-61.
143. Hata DJ, Hall L, Fothergill AW, Larone DH, Wengenack NL. Multicenter evaluation of 
the new VITEK 2 advanced colorimetric yeast identification card. J Clin Microbiol 2007 
Apr;45(4):1087-92.
144. Sanguinetti M, Porta R, Sali M, et al. Evaluation of VITEK 2 and RapID yeast plus systems 




National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
145. Horvath LL, Hospenthal DR, Murray CK, Dooley DP. Direct isolation of Candida spp. from 
blood cultures on the chromogenic medium CHROMagar Candida. J Clin Microbiol 2003 
Jun;41(6):2629-32.
146. Warnock DW, Johnson EM. Antifungal drug susceptibility testing. Current opinion in 
Infectious Diseases 1997;10:444-8.
147. Clinical and Laboratory Standards Institute (CLSI). Reference method for broth dilution 
antifungal susceptibility testing of yeasts, 3rd ed. Approved standard. CLSI M27-A3. Clinical 
and Laboratory Standards Institute, Wayne, PA., 2008.
148. Clinical and Laboratory Standards Institute CLSI. Method for antifungal disc diffusion 
susceptibility testing of yeasts, second edition. Approved guideline. CLSI M44-A. Clinical 
and Laboratory Standards Institute, Wayne, PA, 2009.
149. EUCAST definitive document EDef 7.1: method for the determination of broth dilution 
MICs of antifungal agents for fermentative yeasts. Clin Microbiol Infect 2008 Apr;14(4):398-
405.
150. Arendrup MC, Garcia-Effron G, Lass-Florl C, et al. Echinocandin susceptibility testing of 
Candida species: comparison of EUCAST EDef 7.1, CLSI M27-A3, Etest, disk diffusion, and 
agar dilution methods with RPMI and isosensitest media. Antimicrob Agents Chemother 
2010 Jan 54(1):426-39.
151. Chryssanthou E. Trends in antifungal susceptibility among Swedish Candida species 
bloodstream isolates from 1994 to 1998: comparison of the E-test and the Sensititre YeastOne 
Colorimetric Antifungal Panel with the NCCLS M27-A reference method. J Clin Microbiol 
2001 Nov;39(11):4181-3.
152. Pfaller MA, Diekema DJ, Boyken L, Messer SA, Tendolkar S, Hollis RJ. Evaluation of the Etest 
and disk diffusion methods for determining susceptibilities of 235 bloodstream isolates of 
Candida glabrata to fluconazole and voriconazole. J Clin Microbiol 2003 May;41(5):1875-80.
153. Lee SC, Lo HJ, Fung CP, Lee N, See LC. Disk diffusion test and E-test with enriched 
Mueller-Hinton agar for determining susceptibility of Candida species to voriconazole and 
fluconazole. J Microbiol Immunol Infect 2009 Apr;42(2):148-53.
154. Borghi E, Iatta R, Sciota R, et al. Comparative evaluation of the Vitek 2 yeast susceptibility 
test and CLSI broth microdilution reference method for testing antifungal susceptibility of 
invasive fungal isolates in Italy: the GISIA3 study. J Clin Microbiol 2010 Sep;48(9):3153-7.
155. Cuenca-Estrella M, Gomez-Lopez A, Alastruey-Izquierdo A, et al. Comparison of the 
Vitek 2 antifungal susceptibility system with the clinical and laboratory standards institute 
(CLSI) and European Committee on Antimicrobial Susceptibility Testing (EUCAST) Broth 
Microdilution Reference Methods and with the Sensititre YeastOne and Etest techniques 
for in vitro detection of antifungal resistance in yeast isolates. J Clin Microbiol 2010 
May;48(5):1782-6.
156. Wu F, Della-Latta P. Molecular typing strategies. Semin Perinatol 2002 Oct;26(5):357-66.
157. Odds FC, Jacobsen MD. Multilocus sequence typing of pathogenic Candida species. Eukaryot 
Cell 2008 Jul;7(7):1075-84.
158. Pfaller MA, Diekema DJ. Role of sentinel surveillance of candidemia: trends in species 
distribution and antifungal susceptibility. J Clin Microbiol 2002 Oct;40(10):3551-7.
159. Yamamura DL, Rotstein C, Nicolle LE, Ioannou S. Candidemia at selected Canadian sites: 
results from the Fungal Disease Registry, 1992-1994. Fungal Disease Registry of the Canadian 
Infectious Disease Society. CMAJ 1999 Feb 23;160(4):493-9.
160. Chen S, Slavin M, Nguyen Q, et al. Active surveillance for candidemia, Australia. Emerg 
Infect Dis 2006 Oct;12(10):1508-16.
161. Asmundsdottir LR, Erlendsdottir H, Haraldsson G, Guo H, Xu J, Gottfredsson M. Molecular 
epidemiology of candidemia: evidence of clusters of smoldering nosocomial infections. Clin 
Infect Dis 2008 Jul 15;47(2):e17-24.
162. Arendrup MC, Fuursted K, Gahrn-Hansen B, et al. Seminational surveillance of fungemia 
in Denmark: notably high rates of fungemia and numbers of isolates with reduced azole 
susceptibility. J Clin Microbiol 2005 Sep;43(9):4434-40.
163. Banerjee SN, Emori TG, Culver DH, et al. Secular trends in nosocomial primary bloodstream 
infections in the United States, 1980-1989. National Nosocomial Infections Surveillance 
System. Am J Med 1991 Sep 16;91(3B):86S-9S.
References
76 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
164. Fisher-Hoch SP, Hutwagner L. Opportunistic candidiasis: an epidemic of the 1980s. Clin 
Infect Dis 1995 Oct;21(4):897-904.
165. Berrouane YF, Herwaldt LA, Pfaller MA. Trends in antifungal use and epidemiology of 
nosocomial yeast infections in a university hospital. J Clin Microbiol 1999 Mar;37(3):531-7.
166. Martin D, Persat F, Piens MA, Picot S. Candida species distribution in bloodstream cultures 
in Lyon, France, 1998-2001. Eur J Clin Microbiol Infect Dis 2005 May;24(5):329-33.
167. Rennert G, Rennert HS, Pitlik S, Finkelstein R, Kitzes-Cohen R. Epidemiology of candidemia-
-a nationwide survey in Israel. Infection 2000 Jan-Feb;28(1):26-9.
168. Richet H, Roux P, Des Champs C, Esnault Y, Andremont A. Candidemia in French hospitals: 
incidence rates and characteristics. Clin Microbiol Infect 2002 Jul;8(7):405-12.
169. Sandven P, Bevanger L, Digranes A, Gaustad P, Haukland HH, Steinbakk M. Constant 
low rate of fungemia in norway, 1991 to 1996. The Norwegian Yeast Study Group. J Clin 
Microbiol 1998 Dec;36(12):3455-9.
170. Schelenz S, Gransden WR. Candidaemia in a London teaching hospital: analysis of 128 cases 
over a 7-year period. Mycoses 2003;46(9-10):390-6.
171. Alonso-Valle H, Acha O, Garcia-Palomo JD, Farinas-Alvarez C, Fernandez-Mazarrasa C, 
Farinas MC. Candidemia in a tertiary care hospital: epidemiology and factors influencing 
mortality. Eur J Clin Microbiol Infect Dis 2003 Apr;22(4):254-7.
172. Lagrou K, Verhaegen J, Peetermans WE, De Rijdt T, Maertens J, Van Wijngaerden E. 
Fungemia at a tertiary care hospital: incidence, therapy, and distribution and antifungal 
susceptibility of causative species. Eur J Clin Microbiol Infect Dis 2007 Aug;26(8):541-7.
173. Playford EG, Nimmo GR, Tilse M, Sorrell TC. Increasing incidence of candidaemia: 
long-term epidemiological trends, Queensland, Australia, 1999-2008. J Hosp Infect 2010 
Sep;76(1):46-51.
174. Colombo AL, Guimaraes T, Silva LR, et al. Prospective observational study of candidemia in 
Sao Paulo, Brazil: incidence rate, epidemiology, and predictors of mortality. Infect Control 
Hosp Epidemiol 2007 May;28(5):570-6.
175. Colombo AL, Nucci M, Park BJ, et al. Epidemiology of candidemia in Brazil: a nationwide 
sentinel surveillance of candidemia in eleven medical centers. J Clin Microbiol 2006 
Aug;44(8):2816-23.
176. Hsueh PR, Teng LJ, Yang PC, Ho SW, Luh KT. Emergence of nosocomial candidemia at a 
teaching hospital in Taiwan from 1981 to 2000: increased susceptibility of Candida species to 
fluconazole. Microb Drug Resist 2002 Winter;8(4):311-9.
177. Assadian O, Apfalter P, Assadian A, et al. Antimicrobial susceptibility profiles of clinically 
relevant blood culture isolates from nine surgical intensive care units, 1996-2000. Eur J Clin 
Microbiol Infect Dis 2002 Oct;21(10):743-7.
178. Bougnoux ME, Kac G, Aegerter P, d’Enfert C, Fagon JY. Candidemia and candiduria in 
critically ill patients admitted to intensive care units in France: incidence, molecular diversity, 
management and outcome. Intensive Care Med 2008 Feb;34(2):292-9.
179. Charles PE, Doise JM, Quenot JP, et al. Candidemia in critically ill patients: difference of 
outcome between medical and surgical patients. Intensive Care Med 2003 Dec;29(12):2162-
9.
180. Ruan SY, Lee LN, Jerng JS, Yu CJ, Hsueh PR. Candida glabrata fungaemia in intensive care 
units. Clin Microbiol Infect 2008 Feb;14(2):136-40.
181. Velasco E, Bigni R. A prospective cohort study evaluating the prognostic impact of clinical 
characteristics and comorbid conditions of hospitalized adult and pediatric cancer patients 
with candidemia. Eur J Clin Microbiol Infect Dis 2008 Nov;27(11):1071-8.
182. Blot S, Janssens R, Claeys G, et al. Effect of fluconazole consumption on long-term trends in 
candidal ecology. J Antimicrob Chemother 2006 Aug;58(2):474-7.
183. Viudes A, Peman J, Canton E, Ubeda P, Lopez-Ribot JL, Gobernado M. Candidemia at a 
tertiary-care hospital: epidemiology, treatment, clinical outcome and risk factors for death. 
Eur J Clin Microbiol Infect Dis 2002 Nov;21(11):767-74.
184. Boo TW, O’Reilly B, O’Leary J, Cryan B. Candidaemia in an Irish tertiary referral hospital: 
epidemiology and prognostic factors. Mycoses 2005 Jul;48(4):251-9.
References
77Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
185. Costa-de-Oliveira S, Pina-Vaz C, Mendonca D, Goncalves Rodrigues A. A first Portuguese 
epidemiological survey of fungaemia in a university hospital. Eur J Clin Microbiol Infect Dis 
2008 May;27(5):365-74.
186. Macphail GL, Taylor GD, Buchanan-Chell M, Ross C, Wilson S, Kureishi A. Epidemiology, 
treatment and outcome of candidemia: a five-year review at three Canadian hospitals. 
Mycoses 2002 Jun;45(5-6):141-5.
187. Reef SE, Lasker BA, Butcher DS, et al. Nonperinatal nosocomial transmission of Candida 
albicans in a neonatal intensive care unit: prospective study. J Clin Microbiol 1998 
May;36(5):1255-9.
188. Sanchez V, Vazquez JA, Barth-Jones D, Dembry L, Sobel JD, Zervos MJ. Nosocomial 
acquisition of Candida parapsilosis: an epidemiologic study. Am J Med 1993 Jun;94(6):577-
82.
189. Waggoner-Fountain LA, Walker MW, Hollis RJ, et al. Vertical and horizontal transmission of 
unique Candida species to premature newborns. Clin Infect Dis 1996 May;22(5):803-8.
190. Deresinski SC, Clemons KV, Kemper CA, Roesch K, Walton B, Stevens DA. Genotypic 
analysis of pseudoepidemic due to contamination of Hanks’ balanced salt solution with 
Candida parapsilosis. J Clin Microbiol 1995 Aug;33(8):2224-6.
191. Solomon SL, Khabbaz RF, Parker RH, et al. An outbreak of Candida parapsilosis bloodstream 
infections in patients receiving parenteral nutrition. J Infect Dis 1984 Jan;149(1):98-102.
192. Weems JJ, Jr., Chamberland ME, Ward J, Willy M, Padhye AA, Solomon SL. Candida 
parapsilosis fungemia associated with parenteral nutrition and contaminated blood pressure 
transducers. J Clin Microbiol 1987 Jun;25(6):1029-32.
193. Huang YC, Lin TY, Leu HS, Peng HL, Wu JH, Chang HY. Outbreak of Candida parapsilosis 
fungemia in neonatal intensive care units: clinical implications and genotyping analysis. 
Infection 1999 Mar-Apr;27(2):97-102.
194. Sarvikivi E, Lyytikainen O, Soll DR, et al. Emergence of fluconazole resistance in a Candida 
parapsilosis strain that caused infections in a neonatal intensive care unit. J Clin Microbiol 
2005 Jun;43(6):2729-35.
195. Vazquez JA, Boikov D, Boikov SG, Dajani AS. Use of electrophoretic karyotyping in the 
evaluation of Candida infections in a neonatal intensive-care unit. Infect Control Hosp 
Epidemiol 1997 Jan;18(1):32-7.
196. Welbel SF, McNeil MM, Kuykendall RJ, et al. Candida parapsilosis bloodstream infections 
in neonatal intensive care unit patients: epidemiologic and laboratory confirmation of a 
common source outbreak. Pediatr Infect Dis J 1996 Nov;15(11):998-1002.
197. Boccia S, Posteraro B, La Sorda M, et al. Genotypic analysis by 27A DNA fingerprinting of 
Candida albicans strains isolated during an outbreak in a neonatal intensive care unit. Infect 
Control Hosp Epidemiol 2002 May;23(5):281-4.
198. Huang YC, Lin TY, Peng HL, Wu JH, Chang HY, Leu HS. Outbreak of Candida albicans 
fungaemia in a neonatal intensive care unit. Scand J Infect Dis 1998;30(2):137-42.
199. Reagan DR, Pfaller MA, Hollis RJ, Wenzel RP. Evidence of nosocomial spread of Candida 
albicans causing bloodstream infection in a neonatal intensive care unit. Diagn Microbiol 
Infect Dis 1995 Apr;21(4):191-4.
200. Campbell JR, Zaccaria E, Baker CJ. Systemic candidiasis in extremely low birth weight 
infants receiving topical petrolatum ointment for skin care: a case-control study. Pediatrics 
2000 May;105(5):1041-5.
201. Sherertz RJ, Gledhill KS, Hampton KD, et al. Outbreak of Candida bloodstream infections 
associated with retrograde medication administration in a neonatal intensive care unit. J 
Pediatr 1992 Mar;120(3):455-61.
202. Clark TA, Slavinski SA, Morgan J, et al. Epidemiologic and molecular characterization of an 
outbreak of Candida parapsilosis bloodstream infections in a community hospital. J Clin 
Microbiol 2004 Oct;42(10):4468-72.
203. Dizbay M, Kalkanci A, Sezer BE, et al. Molecular investigation of a fungemia outbreak due to 
Candida parapsilosis in an intensive care unit. Braz J Infect Dis 2008 Oct;12(5):395-9.
204. Garcia San Miguel L, Pla J, Cobo J, et al. Morphotypic and genotypic characterization of 
sequential Candida parapsilosis isolates from an outbreak in a pediatric intensive care unit. 
Diagn Microbiol Infect Dis 2004 Jul;49(3):189-96.
References
78 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
205. Zancope-Oliveira RM, James MJ, Derossi AP, et al. Strain characterization of Candida 
parapsilosis fungemia by molecular typing methods. Eur J Clin Microbiol Infect Dis 2000 
Jul;19(7):514-20.
206. Lasheras A, Rogues AM, Peyrere S, et al. Candida albicans outbreak in a neurosurgical 
intensive care unit. J Hosp Infect 2007 Feb;65(2):181-2.
207. Romano F, Ribera G, Giuliano M. A study of a hospital cluster of systemic candidosis using 
DNA typing methods. Epidemiol Infect 1994 Apr;112(2):393-8.
208. Dib JC, Dube M, Kelly C, Rinaldi MG, Patterson JE. Evaluation of pulsed-field gel 
electrophoresis as a typing system for Candida rugosa: comparison of karyotype and 
restriction fragment length polymorphisms. J Clin Microbiol 1996 Jun;34(6):1494-6.
209. Diekema DJ, Messer SA, Hollis RJ, Wenzel RP, Pfaller MA. An outbreak of Candida 
parapsilosis prosthetic valve endocarditis. Diagn Microbiol Infect Dis 1997 Nov;29(3):147-
53.
210. Johnston BL, Schlech WF, 3rd, Marrie TJ. An outbreak of Candida parapsilosis prosthetic 
valve endocarditis following cardiac surgery. J Hosp Infect 1994 Oct;28(2):103-12.
211. Viviani MA, Cogliati M, Esposto MC, Prigitano A, Tortorano AM. Four-year persistence of 
a single Candida albicans genotype causing bloodstream infections in a surgical ward proven 
by multilocus sequence typing. J Clin Microbiol 2006 Jan;44(1):218-21.
212. McNeil MM, Lasker BA, Lott TJ, Jarvis WR. Postsurgical Candida albicans infections 
associated with an extrinsically contaminated intravenous anesthetic agent. J Clin Microbiol 
1999 May;37(5):1398-403.
213. Moro ML, Maffei C, Manso E, Morace G, Polonelli L, Biavasco F. Nosocomial outbreak of 
systemic candidosis associated with parenteral nutrition. Infect Control Hosp Epidemiol 
1990 Jan;11(1):27-35.
214. Barchiesi F, Caggiano G, Falconi Di Francesco L, Montagna MT, Barbuti S, Scalise G. 
Outbreak of fungemia due to Candida parapsilosis in a pediatric oncology unit. Diagn 
Microbiol Infect Dis 2004 Aug;49(4):269-71.
215. Levin AS, Costa SF, Mussi NS, et al. Candida parapsilosis fungemia associated with 
implantable and semi-implantable central venous catheters and the hands of healthcare 
workers. Diagn Microbiol Infect Dis 1998 Apr;30(4):243-9.
216. Posteraro B, Bruno S, Boccia S, et al. Candida parapsilosis bloodstream infection in pediatric 
oncology patients: results of an epidemiologic investigation. Infect Control Hosp Epidemiol 
2004 Aug;25(8):641-5.
217. Vos MC, Endtz HP, Horst-Kreft D, et al. Candida krusei transmission among hematology 
patients resolved by adapted antifungal prophylaxis and infection control measures. J Clin 
Microbiol 2006 Mar;44(3):1111-4.
218. Hautala T, Ikaheimo I, Husu H, et al. A cluster of Candida krusei infections in a haematological 
unit. BMC Infect Dis 2007;7:97.
219. Asmundsdottir LR, Erlendsdottir H, Gottfredsson M. Improving survival of patients with 
candidaemia: analysis of prognostic factors from a long-term, nationwide study in Iceland. 
Scand J Infect Dis 2005;37(2):111-20.
220. Leleu G, Aegerter P, Guidet B. Systemic candidiasis in intensive care units: a multicenter, 
matched-cohort study. J Crit Care 2002 Sep;17(3):168-75.
221. Nolla-Salas J, Sitges-Serra A, Leon-Gil C, et al. Candidemia in non-neutropenic critically ill 
patients: analysis of prognostic factors and assessment of systemic antifungal therapy. Study 
Group of Fungal Infection in the ICU. Intensive Care Med 1997 Jan;23(1):23-30.
222. Garey KW, Rege M, Pai MP, et al. Time to initiation of fluconazole therapy impacts mortality 
in patients with candidemia: a multi-institutional study. Clin Infect Dis 2006 Jul 1;43(1):25-
31.
223. Nucci M, Colombo AL, Silveira F, et al. Risk factors for death in patients with candidemia. 
Infect Control Hosp Epidemiol 1998 Nov;19(11):846-50.
224. Morrell M, Fraser VJ, Kollef MH. Delaying the empiric treatment of candida bloodstream 
infection until positive blood culture results are obtained: a potential risk factor for hospital 
mortality. Antimicrob Agents Chemother 2005 Sep;49(9):3640-5.




National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
226. De Pauw BE. Practical modalities for prevention of fungal infections in cancer patients. Eur 
J Clin Microbiol Infect Dis 1997 Jan;16(1):32-41.
227. McNeil SA, Foster CL, Hedderwick SA, Kauffman CA. Effect of hand cleansing with 
antimicrobial soap or alcohol-based gel on microbial colonization of artificial fingernails 
worn by health care workers. Clin Infect Dis 2001 Feb 1;32(3):367-72.
228. Trick WE, Vernon MO, Hayes RA, et al. Impact of ring wearing on hand contamination and 
comparison of hand hygiene agents in a hospital. Clin Infect Dis 2003 Jun 1;36(11):1383-90.
229. Pappas PG, Kauffman CA, Andes D, et al. Clinical practice guidelines for the management of 
candidiasis: 2009 update by the Infectious Diseases Society of America. Clin Infect Dis 2009 
Mar 1;48(5):503-35.
230. Cruciani M, de Lalla F, Mengoli C. Prophylaxis of Candida infections in adult trauma and 
surgical intensive care patients: a systematic review and meta-analysis. Intensive Care Med 
2005 Nov;31(11):1479-87.
231. Eggimann P, Francioli P, Bille J, et al. Fluconazole prophylaxis prevents intra-abdominal 
candidiasis in high-risk surgical patients. Crit Care Med 1999 Jun;27(6):1066-72.
232. Garbino J, Lew DP, Romand JA, Hugonnet S, Auckenthaler R, Pittet D. Prevention of severe 
Candida infections in nonneutropenic, high-risk, critically ill patients: a randomized, double-
blind, placebo-controlled trial in patients treated by selective digestive decontamination. 
Intensive Care Med 2002 Dec;28(12):1708-17.
233. Goodman JL, Winston DJ, Greenfield RA, et al. A controlled trial of fluconazole to prevent 
fungal infections in patients undergoing bone marrow transplantation. N Engl J Med 1992 
Mar 26;326(13):845-51.
234. Manzoni P, Stolfi I, Pugni L, et al. A multicenter, randomized trial of prophylactic fluconazole 
in preterm neonates. N Engl J Med 2007 Jun 14;356(24):2483-95.
235. Nihtinen A, Anttila VJ, Elonen E, Juvonen E, Volin L, Ruutu T. Effect of fluconazole 
prophylaxis on the incidence of invasive candida infections and bacteraemias in patients 
with acute leukaemia. Eur J Haematol 2008 May;80(5):391-6.
236. Pelz RK, Hendrix CW, Swoboda SM, et al. Double-blind placebo-controlled trial of 
fluconazole to prevent candidal infections in critically ill surgical patients. Ann Surg 2001 
Apr;233(4):542-8.
237. Playford EG, Webster AC, Sorrell TC, Craig JC. Antifungal agents for preventing fungal 
infections in non-neutropenic critically ill and surgical patients: systematic review and meta-
analysis of randomized clinical trials. J Antimicrob Chemother 2006 Apr;57(4):628-38.
238. Riedel A, Choe L, Inciardi J, Yuen C, Martin T, Guglielmo BJ. Antifungal prophylaxis in 
chemotherapy-associated neutropenia: a retrospective, observational study. BMC Infect Dis 
2007;7:70.
239. Slavin MA, Osborne B, Adams R, et al. Efficacy and safety of fluconazole prophylaxis for 
fungal infections after marrow transplantation--a prospective, randomized, double-blind 
study. J Infect Dis 1995 Jun;171(6):1545-52.
240. Immunocompromised Host Society. ECIL Guidelines.  2009  [cited 2010 29th August]; 
Available from: http://www.ichs.org/Default.aspx?pageId=711654
241. Lipsett PA. Surgical critical care: fungal infections in surgical patients. Crit Care Med 2006 
Sep;34(9 Suppl):S215-24.
242. Ostrosky-Zeichner L, Pappas PG. Invasive candidiasis in the intensive care unit. Crit Care 
Med 2006 Mar;34(3):857-63.
243. Cordonnier C, Pautas C, Maury S, et al. Empirical versus preemptive antifungal therapy for 
high-risk, febrile, neutropenic patients: a randomized, controlled trial. Clin Infect Dis 2009 
Apr 15;48(8):1042-51.
244. Eggimann P, Garbino J, Pittet D. Management of Candida species infections in critically ill 
patients. Lancet Infect Dis 2003 Dec;3(12):772-85.
245. Guery BP, Arendrup MC, Auzinger G, et al. Management of invasive candidiasis and 
candidemia in adult non-neutropenic intensive care unit patients: Part II. Treatment. 
Intensive Care Med 2009 Feb;35(2):206-14.
246. Nucci M, Anaissie E. Should vascular catheters be removed from all patients with candidemia? 
An evidence-based review. Clin Infect Dis 2002 Mar 1;34(5):591-9.
References
80 Research 54/2011
National Institute for Health and Welfare
Epidemiology of Candidemia in Finland
247. Raad I, Hanna H, Boktour M, et al. Management of central venous catheters in patients with 
cancer and candidemia. Clin Infect Dis 2004 Apr 15;38(8):1119-27.
248. Sarvikivi E, Lyytikainen O, Vaara M, Saxen H. Nosocomial bloodstream infections in 
children: an 8-year experience at a tertiary-care hospital in Finland. Clin Microbiol Infect 
2008 Nov;14(11):1072-5.
249. Rantala A, Niinikoski J, Lehtonen OP. Yeasts in blood cultures: impact of early therapy. Scand 
J Infect Dis 1989;21(5):557-61.
250. Rantala A, Niinikoski J, Lehtonen OP. Early Candida isolations in febrile patients after 
abdominal surgery. Scand J Infect Dis 1993;25(4):479-85.
251. Hamalainen S, Kuittinen T, Matinlauri I, Nousiainen T, Koivula I, Jantunen E. Neutropenic 
fever and severe sepsis in adult acute myeloid leukemia (AML) patients receiving intensive 
chemotherapy: Causes and consequences. Leuk Lymphoma 2008 Mar;49(3):495-501.
252. Jantunen E, Nihtinen A, Volin L, et al. Candidaemia in allogeneic stem cell transplant 
recipients: low risk without fluconazole prophylaxis. Bone Marrow Transplant 2004 
Nov;34(10):891-5.
253. Jantunen E, Salonen J, Juvonen E, et al. Invasive fungal infections in autologous stem cell 
transplant recipients: a nation-wide study of 1188 transplanted patients. Eur J Haematol 
2004 Sep;73(3):174-8.
254. Hovi L, Saarinen-Pihkala UM, Vettenranta K, Saxen H. Invasive fungal infections in pediatric 
bone marrow transplant recipients: single center experience of 10 years. Bone Marrow 
Transplant 2000 Nov;26(9):999-1004.
255. Hovi L, Saxen H, Saarinen-Pihkala UM, Vettenranta K, Meri T, Richardson M. Prevention and 
monitoring of invasive fungal infections in pediatric patients with cancer and hematologic 
disorders. Pediatr Blood Cancer 2007 Jan;48(1):28-34.
256. Saxen H, Virtanen M, Carlson P, et al. Neonatal Candida parapsilosis outbreak with a high 
case fatality rate. Pediatr Infect Dis J 1995 Sep;14(9):776-81.
257. Anttila VJ, Elonen E, Nordling S, Sivonen A, Ruutu T, Ruutu P. Hepatosplenic candidiasis in 
patients with acute leukemia: incidence and prognostic implications. Clin Infect Dis 1997 
Mar;24(3):375-80.
258. Sofair AN, Lyon GM, Huie-White S, et al. Epidemiology of community-onset candidemia in 
Connecticut and Maryland. Clin Infect Dis 2006 Jul 1;43(1):32-9.
259. Hulkko T. Infectious diseases in Finland 2008.  2009  [cited; 1 PDF-tiedosto]. Available from: 
http://www.thl.fi/thl-client/pdfs/ee63107e-73f1-4d63-b988-0563e176e995
260. Horn DL, Neofytos D, Anaissie EJ, et al. Epidemiology and outcomes of candidemia in 2019 
patients: data from the prospective antifungal therapy alliance registry. Clin Infect Dis 2009 
Jun 15;48(12):1695-703.
261. Nguyen MH, Peacock JE, Jr., Morris AJ, et al. The changing face of candidemia: emergence of 
non-Candida albicans species and antifungal resistance. Am J Med 1996 Jun;100(6):617-23.
262. Malani A, Hmoud J, Chiu L, Carver PL, Bielaczyc A, Kauffman CA. Candida glabrata 
fungemia: experience in a tertiary care center. Clin Infect Dis 2005 Oct 1;41(7):975-81.
263. Barchiesi F, Hollis RJ, McGough DA, Scalise G, Rinaldi MG, Pfaller MA. DNA subtypes and 
fluconazole susceptibilities of Candida albicans isolates from the oral cavities of patients with 
AIDS. Clin Infect Dis 1995 Mar;20(3):634-40.
264. Clemons KV, Feroze F, Holmberg K, Stevens DA. Comparative analysis of genetic variability 
among Candida albicans isolates from different geographic locales by three genotypic 
methods. J Clin Microbiol 1997 Jun;35(6):1332-6.
265. Pfaller MA, Rhine-Chalberg J, Redding SW, et al. Variations in fluconazole susceptibility and 
electrophoretic karyotype among oral isolates of Candida albicans from patients with AIDS 
and oral candidiasis. J Clin Microbiol 1994 Jan;32(1):59-64.
266. Vazquez JA, Beckley A, Sobel JD, Zervos MJ. Comparison of restriction enzyme analysis 
and pulsed-field gradient gel electrophoresis as typing systems for Candida albicans. J Clin 
Microbiol 1991 May;29(5):962-7.
267. Voss A, Pfaller MA, Hollis RJ, Rhine-Chalberg J, Doebbeling BN. Investigation of Candida 
albicans transmission in a surgical intensive care unit cluster by using genomic DNA typing 
methods. J Clin Microbiol 1995 Mar;33(3):576-80.
